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EXPRESSION VECTOR ENCODING
ALPHAVIRUS REPLICASE AND THE USE
THEREOF AS IMMUNOLOGICAL
ADJUVANT

This application is a U.S. National Phase Patent Appli-
cation pursuant to 35U.S.C. §371 of International Patent
Application No. PCT/EP2009/056240, filed on May 22,
2009, and published as WO 2009/141434 on Nov. 26, 2009,
which claims priority to U.S. Provisional Patent Application
Serial No. 61/071,898, filed on May 23, 2008, now expired,
the contents of which are incorporated herein by reference in
their entireties for all purposes.

TECHNICAL FIELD

The present invention relates to the field of immunologi-
cal tools and in particular to the field of vaccines and to
adjuvants suitable for use in vaccine compositions.

BACKGROUND OF THE INVENTION

The mammalian immune system has evolved in order to
survive in the environment containing a large variety of
microorganisms, which colonize them in a number of niches
like skin, intestine, upper and lower respiratory tract, uro-
genital tract etc. Some of the niches like colon and skin are
colonized constitutively by an endogenous microbiota,
whereas other niches (internal organs and lower respiratory
tract) are normally kept sterile in an immunocompetent host.
The effects of microorganism can be positive for the host, as
is the case for the many intestinal symbiotic bacteria. In
other cases, microbial colonization can be detrimental to the
host. Such negative eftects depend on the status of the host’s
immune system—certain pathogens (known as opportunistic
pathogens) affect only immunocompromised individuals.
The potential detrimental effect of microbial infections has
led to the evolution of variety of host-defence mechanisms.
In jawed vertebrates, there are two types of defence: innate
and adaptive immune responses. The main distinction
between these is the receptor types used to recognize patho-
gens, the time-delay needed to launch the response and the
presence/absence of memory. The two types of defence do
not operate completely independently from each other. As
seen in the below, innate immune system sends specific
signals to the adaptive immune system, helping to mount the
response that is most efficient to the specific pathogen; and
vice versa—adaptive immune response also activates some
modules of the innate immune system.

Innate Immune Response

Innate immunity is always present in healthy individuals
and its main function is to block the entry of microbes and
viruses as well as to provide a rapid elimination of pathogens
that do succeed in entering the host tissues. It provides
immediate protection for the multicellular organism.

Innate immune system is not a single entity. It is a
collection of distinct modules or subsystems that appeared at
different stages of evolution:

Mucosal epithelia producing antimicrobial peptides, pro-

tecting the host from pathogen invasion;

phagocytes with their anti-microbial mechanisms against

intra- and extracellular bacteria;

acute-phase proteins and complement system that are

operating in the circulation and body fluids;

natural killer cells, which are involved in killing virus

infected cells;
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2

eosinophils, basophils and mast cells, which are involved

against protection of multicellular parasites;

type | interferons and proteins induced by them, which

have a crucial role in defence against viruses.

The innate immune response is responsible for the early
detection and destruction of invading microbes, and relies
on a set of limited germ line-encoded pattern-recognition
receptors (PRRs) for detection. To initiate immune
responses, PRRs recognize pathogen-associated molecular
patterns (PAMPs) and induce several extracellular activation
cascades such as the complement pathway and various
intracellular signalling pathways, which lead to the inflam-
matory responses.

The innate immune system utilizes PRRs present in three
different compartments: body fluids, cell membranes, and
cytoplasm. The PRRs in the body fluids play major roles in
PAMP opsonization, the activation of complement path-
ways, and in some cases the transfer of PAMPs to other
PRRs. PRRs located on the cell membrane have diverse
functions, such as the presentation of PAMPs to other PRRs,
the promotion of microbial uptake by phagocytosis, and the
initiation of major signalling pathways.

There are several functionally distinct classes of PRRs.
The best characterized class is Toll-like receptors (TLRs).
These are transmembrane receptors that recognize viral
nucleic acids and several bacterial products, including
lipopolysaccharide and lipoteichoic acids and are the pri-
mary signal-generating PRRs (Akira, S 2006). In addition,
cytoplasmic PRRs which can be grouped into three classes:
interferon (IFN)-inducible proteins, caspase-recruiting
domain (CARD) helicases, and nucleotide-binding oli-
gomerization domain (NOD)-like receptors (NLRs). Among
the best studied IFN-induced antiviral proteins are the
family of myxovirus resistance proteins (Mx), protein kinase
R (PKR), oligoadenylate synthetase (2'-5' OAS). These
antiviral proteins and CARD helicases such as RIG-I and
Mda$5 are involved in antiviral defence. In contrast, NLRs
are mainly involved in antibacterial immune responses.
Toll-Like Receptors (TLRs)

TLRs are the best-characterized signal-generating recep-
tors among PRRs. They initiate key inflammatory responses
and also shape adaptive immunity. All TLRs (TLR1-11)
known in mammals are type I integral membrane glycopro-
teins containing an extracellular leucine-rich repeat (LRR)
domain responsible for ligand recognition and a cytoplasmic
Toll-interleukine-1 receptor homology (TIR) domain
required for initiating signalling. TLRs recognize quite
diverse microbial components in bacteria, fungi, parasites,
and viruses including nucleic acids. Although normally
present at the plasma membrane to detect extracellular
PAMPs, a few TLRs, including TLR3, TLR7, TLRS, and
TLRY, recognize their ligands in the intracellular compart-
ments such as endosomes. The latter TLRs share the ability
of nucleic acid recognition, detecting dsRNA (TLR3),
ssRNA (TLR7 in mice, TLR8 in humans), and non-meth-
ylated CpG DNA motifs (TLR9).

TLRs initiate shared and distinct signalling pathways by
recruiting different combinations of four TIR domain-con-
taining adaptor molecules: MyD88, TIRAP, Trif, and
TRAM. With the exception of TLR3, all the other TLRs
recruit the myeloid differentiation factor 88 (MyD88), which
is associated with members of the IL-receptor-associated
kinase (IRAK) family (Mouldy Sioud 2006). These signal-
ling pathways activate the transcription factors nuclear fac-
tor kappa B (NF-kB) and activator protein-1 (AP-1), which
is common to all TLRs, leading to the production of inflam-
matory cytokines and chemokines. They also activate inter-
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feron regulatory factor-3 (IRF3) and/or IRF7 in TLRs 3, 4,
7, 8, and 9 which is a prerequisite for the production of type
I interferons such as IFN-c and IFN-f (For review Edwards
et al 2007, Vercammen et al 2008, Medzitov R 2007).

In addition to direct activation of innate host-defence
mechanisms, some PRRs are coupled to the induction of
adaptive immune responses. T-and B-cells, the two main
classes of cells in the adaptive immune system, express
antigen binding receptors with random specificities and
therefore recognize antigens that lack any intrinsic charac-
teristics indicative of their origin. Therefore, T-and B-lym-
phocytes require instructions indicating the origin of the
antigen they recognize. These instructions come from the
innate immune system in the form of specialized signals
inducible by PRRs. For T-cells this association is interpreted
by dendritic cells. Type I interferons are involved in the
activation and migration of dendritic cells (described in
more details under Antiviral response). When activated
dendritic cell migrates to the lymph node, they present the
pathogen-derived antigens, together with PRR-induced sig-
nals, to T-cells. This results in T-cell activation and differ-
entiation of T-helper (Th) cells into one of several types of
effector Th-cells (Thl, Th2 and Th-17 cells). For instance
TLR-engagement induces I[.-12 production by dendritic
cells, which directs Th cells to differentiate into Thl cells.
The type of effector response is thus dictated by the innate
immune system. In addition, type I interferons also regulate
the function of cytotoxic T-cells and NK cells, either directly
or indirectly by inducing IL.-15 production.

The innate immune system also receives positive feed-
back signals from the adaptive immune system. For
instance, effector Th-cells produce appropriate cytokines
that activate specific modules of the innate immune system:
macrophages are activated by cytokines (interferon-y)
secreted from Thl cells, neutrophils are activated by Th-17
cells (interleukin-17) cells, mast cells and basophils are
activated by Th2 cells (interleukin-4 and -5). Likewise,
bound antibodies (IgG) activate complement proteins and
help phagocytosis by opsonizing pathogens.

Adaptive Immune Response

The adaptive immune system uses a broad range of
molecules for its activities. Some of these molecules are also
used by the innate immune system, e.g. complement pro-
teins, others, including antigen-specific B-cell and T-cell
receptors, are unique to the adaptive immune system. The
most important properties of the adaptive immune system,
distinguishing it from innate immunity, are a fine specificity
of B- and T-cell receptors, and a more slow development of
the response and memory of prior exposure to antigen. The
latter property forms the basis of vaccination—priming of
the immune system by attenuated pathogen, by selected
components of the pathogen or by mimicking infection in
other ways (e.g. by DNA-vaccine encoding selected anti-
gens from a pathogen) results in the development of immu-
nological memory, which triggers response more quickly
and more efficiently upon pathogen encounter.

There are two types of adaptive immunity, humoral
immunity and cell-mediated immunity. Humoral immunity
is mediated by B-cells. Activated B-cells start to secrete the
receptors into circulation and mucosal fluids, which in this
case are referred to as antibodies (immunoglobulins). The
genes encoding these receptors are assembled from variable
and constant fragments in the process of somatic recombi-
nation, prior to pathogen encounter, which yields a diverse
repertoire of receptors. Each B- or T-cell is able to synthe-
size immunoglobulins or T-cell receptors of a single speci-
ficity that bind to a specific molecular structure (epitope).
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Antibodies bind noncovalently to specific antigens to immo-
bilize them, render them harmless or tag the antigen for
destruction (e.g. by complement proteins or by macro-
phages) and removal by other components of the immune
system. Cell mediated immunity is mediated by T-cells.
T-cells are key players in most adaptive immune responses.
They participate directly in eliminating infected cells (CD8+
cytotoxic T-cells) or orchestrate and regulate activity of
other cells by producing various cytokines (CD4+ T-helper
cells). Also the induction of antibodies by B-cells is in a
majority of cases dependent on T-helper cells. The distin-
guished feature of T-cell antigen receptors is their inability
to recognize soluble molecules—they can recognize peptide
fragments of protein antigens on the cell surface bound to
specialized peptide display molecules, called major histo-
compatibility complex (MHC). T-helper cells need MHC
class II molecules for recognizing antigenic peptide frag-
ments, and cytotoxic T-cells need MHC class I molecules.
This feature enables T-cells to detect intracellular pathogens,
which otherwise could remain undetected by the immune
system, because short peptides (9-10 amino acids) from all
proteins synthesized in eukaryotic cells (including peptides
derived from pathogens) are exposed on the cell surface in
the, peptide pockets’ of MHC molecules. Adaptive immune
response is initiated after pathogen capture by professional
antigen presenting cells (APCs). Naive T-lymphocytes need
to see antigens presented by MHC-antigens on APCs. These
cells are present in all epithelia of the body, which is the
interface between the body and external environment. In
addition to that, APCs are present in smaller numbers in
most other organs. APCs in the epithelia belong to the
lineage of dendritic cells. In the skin, the epidermal dendritic
cells are called Langerhans cells. Dendritic cells capture
antigens of microbes that enter the epithelium, by the
process of phagocytosis or pinocytosis. After antigen cap-
ture dendritic cells round up and lose their adhesiveness for
the epithelium, they leave the epithelium and migrate via
lymphatic vessels to the lymph node draining that epithe-
lium. During the process of migration the dendritic cells
mature into cells capable of stimulating T-cells. This matu-
ration is reflected in increased synthesis and stable expres-
sion of MHC molecules, which display antigen to T-cells,
and other molecules, co-stimulators, that are required for full
T-cell responses. The result of this sequence of events is that
the protein antigens of microbes are transported to the
specific regions of lymph nodes where the antigens are most
likely to encounter T-lymphocytes. Naive T-lymphocytes
continuously recirculate through lymph nodes, and it is
estimated that every naive T-cell in the body may cycle
through some lymph nodes at least once a day. Thus, initial
encounter of T-cells with antigens happens in lymph nodes
and this is called priming. Primed CD4+ T-helper cells start
secreting a variety of cytokines, which help other cells of the
immune system to respond. Dendritic cells carry to the
lymph nodes not only peptide fragments from pathogens,
but also PRR-induced signals sent from innate immune
system (as mentioned above, type I IFNs influence activa-
tion and differentiation of dendritic cells). Dendritic cells
convert this information into activation of specific clones of
T-cells (that recognize pathogenic peptides) and differentia-
tion of suitable type of T-helper cells. Priming of CD8+
T-cells is also performed by dendritic cells, but further
proliferation and maturation of CD8+ T-cells into fully
functional killer cells depends on cytokines secreted by
T-helper cells.

Taken together, between the innate and adaptive immune
system there is a continuous and complicated interplay.
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Success in developing vaccines against “difficult” pathogens
where no vaccines are currently available (HIV-1, TB and
malaria) might depend on exploiting completely new meth-
ods for eliciting a protective immune response.

Antiviral Response to Positive-Strand RNA Viruses and
their Replication By-Products

Positive-Strand RNA Viruses

Positive-strand RNA viruses encompass over one-third of
all virus genera. Positive-strand RNA virus genomes are
templates for both translation and replication, leading to
interactions between host translation factors and RNA rep-
lication at multiple levels. All known positive-strand RNA
viruses carry genes for an RNA-dependent RNA polymerase
(RdRp) used in genome replication. However, unlike other
RNA viruses, positive-strand RNA viruses do not encapsi-
date this polymerase. Thus, upon infection of a new cell,
viral RNA replication cannot begin until the genomic RNA
is translated to produce polymerase and, for most positive-
strand RNA viruses, additional replication factors. All char-
acterized positive-strand RNA viruses assemble their RNA
replication complexes on intracellular membranes. In and
beyond the alphavirus-like superfamily the replication of
viral RNA occurs in association with spherical invaginations
of intracellular membranes. For example, alphaviruses use
endosomal and lysosomal membranes for their replication
complex assembly. The membrane provides a surface on
which replication factors are localized and concentrated.
This organization also helps to protect any dsRNA replica-
tion intermediates from dsRNA-induced host defence
responses such as RNA interference or interferon-induced
responses (Ahlquist P et al 2003).

Despite differences in genome organization, virion mor-
phology and host range, positive-strand RNA viruses have
fundamentally similar strategies for genome replication. By
definition, the viral (+)RNA genome has the same polarity as
cellular mRNA and the viral genomic RNA is directly
translated by the cellular translation machinery. Firstly,
non-structural proteins are synthesized as precursor poly-
proteins and cleaved into mature non-structural proteins by
viral proteases. A large part of the viral genome is devoted
to non-structural proteins, which are not part of the virion
and carry out important functions during viral replication.
Following translation and polyprotein processing, a complex
is assembled that includes the RdRp, further accessory
non-structural proteins, viral RNA and host cell factors.
These so-called replication complexes (RCs) carry out viral-
RNA synthesis. Negative-sense viral RNA is synthesized
early in infection and after the formation of replication
complexes this negative-strand RNA is used as a template to
synthesize full-length positive-sense genomic RNA as well
as the subgenomic RNA. The key enzyme responsible for
these steps is the RNA-dependent RNA-polymerase, which
act within replicase complex (Moradpour et al 2007, Miller
and Krijnse-Locker 2008).

Viral RNA Sensing

Positive strand RNA viruses produce in the process of
replication negative strand RNA, positive strand RNA,
double strand RNA (dsRNA) and subgenomic mRNA,
which are themselves powerful inducers of innate immune
response pathways. The effect is induced through TLR3
(dsRNA), TLR7/8 (ssRNA), and some other TLRs which
recognize the specific structural elements in the secondary
structure of the ssSRNA. For example, positive strand RNA
virus, yellow fever virus live attenuated vaccine is definitely
one of the most effective vaccines available that activates
innate immunity via multiple Toll-like receptors which also
induces differential effects on the quality of the long-lasting
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antigen-specific T cell response (Querec TD and Pulendran
B Adv Exp Med. Biol. 2007; 590:43-53).

As stated above, cells possess receptors and signalling
pathways to induce antiviral gene expression in response to
cytosolic viral presence. Multiple cytokines are induced by
virus infection including interleukine-6 (IL-6), IL-12 p40,
and tumor necrosis factor (TNF), but the hallmark of anti-
viral responses is the production of type I interferons. Type
I interferons include multiple subtypes encoded by separate
intronless genes: one IFN-f and 13-14 IFN-a subtypes,
depending on species. Type I interferons can be produced by
all nucleated cells, including epithelial cells, fibroblasts at
mucosal surfaces, and dendritic cells, in response to virus
infection. In addition all cells can respond to type I inter-
ferons through the type I interferon receptor (IFNAR),
which binds all subtypes.

Genes encoding the cytosolic PRRs and the components
of'the downstream signalling pathways are themselves inter-
feron inducible, leading to a positive-feedback loop that can
greatly amplify innate antiviral responses. It has been
thought that this loop is set in motion by the presence of
dsRNA in cells. dsRNA fulfills the criteria for being a
marker of virus infection, as long dsRNA molecules are
absent from uninfected cells but can be formed by the
complementary annealing of two strands of RNA produced
during the replication of RNA viruses. dsRNA is known to
activate nuclear factor kappa B (NF-xB) and interferon
regulatory factors-3 (IRF-3) and -7, that are essential in the
synthesis of type I IFNs. Interferons mediate their antiviral
response via specific cell surface receptors, IFNAR, that
activate cytoplasmic signal transducers and activators of
transcription (STATs), which translocate into the nucleus
and activate numerous IFN-stimulated genes (ISGs) (Rautsi
et al 2007).

Retinoic acid-inducible gene I (RIG-I) and melanoma
differentiation-associated gene 5 (MDAS) are cytoplasmic
IFN-inducible DExD/H box RNA-helicases that can detect
intracellular viral products, such as genomic RNA, and
signal for IRF3 and IRF7 activation and for the induction of
IFN-a, -f, and -A gene expression. RIG-I is a cytosolic
protein containing RNA-binding helicase domain and two
caspase activation and recruitment domains (CARDS). Like
RIG-I, MDAS bears a RNA-helicase domain and two
CARDs. They both signal through interferon-f promoter
stimulator-1 (IPS-1). Signal adaptor IPS-1 is located on
mitochondria and contains an N-terminal CARD that forms
homotypic interactions with CARDs of RIG-I and Mda5.
This results in activation of the C-terminal catalytic domain
and the initiation of a signalling cascade that culminates in
the transcription of cytokine genes through activation of
NF-kB and IRF3.

Although both RIG-I and Mda5 bind poly(I:C), a syn-
thetic dsRNA, and signal via a common pathway, they
selectively respond to different viruses. For example RIG-I
detects influenza A virus, vesicular stomatitis virus (VSV),
Japanese encephalitis virus (JEV), and Sendai virus (SeV),
whereas MDAS detects picornaviruses, such as encephalo-
myocarditis virus (EMCV), Theiler’s encephalomyelitis
virus, and mengovirus. Independently of single or double
strandedness the critical element in RIG-I stimulation by
RNA is the presence of 5'-triphosphates. Which also pro-
vides explanation for the virus specificity of RIG-I.

Type 1 interferons affect various subtypes of dendritic
cells (DCs). They can act as an autocrine survival factors for
certain natural interferon producing cells, promote the dif-
ferentiation of peripheral blood monocytes to DCs and
induce their phenotypic and functional maturation. As most
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cell types are capable of expressing type I interferons,
maturation of DCs in non-lymphoid tissues may be triggered
following infection of neighbouring cells. These DCs will
acquire the ability to migrate to lymphoid organs and initiate
T cell responses (LeBon and Tough 2002).

Type 1 interferon signalling also upregulates IFN-y pro-
duction by DCs and T cells and thereby favours the induc-
tion and maintenance of Thl cells. Additionally, acting
directly or indirectly, they can influence the expression and
function of a variety of cytokines. For example enhance
interleukin-6 (IL-6) signalling, and production of anti-in-
flammatory transforming growth factor p (TGF-f), IL-1
receptor antagonist and soluble tumor necrosis factor (TNF)
receptors. Type I interferons or their inducers can also elicit
high IL.-15 expression by DCs, thereby causing strong and
selective stimulation of memory-phenotype CD8+ T cells
(Theofilopoulos et al 2005).

Specific viral pathogen infection related patterns (like
accumulation of the dsRNA in cytoplasm of the virus
infected cells), recognition factors responding to these pat-
terns (e.g. Toll-like receptors), and different anti-viral
defence pathways triggered by these interactions have been
described above. The complex system called innate immu-
nity is directed to lead the cascade of events from recogni-
tion of pathogen to destroying the virus infected cells and
rapid clearing of the virus infection from the body. In
addition, the activation of the innate immune system is an
important determinant of the quantity and quality of the
adaptive immune response evoked against the viral antigens
(Germain RN 2004).

Immunological Adjuvants.

Immunological adjuvants were originally described by
Ramon in 1924 as substances used in combination with a
specific antigen that produced a more robust immune
response than the antigen alone. This very broad definition
includes a wide variety of materials. The immunological
adjuvants available today fall broadly into two categories:
delivery systems and immune potentiators (for review Fraser
C. K., Diener K. R., Brown M. P. and Hayball I. D. (2007)
Expert Reviews in Vaccines 6(4)559-578).

Delivery systems can change the presentation of the
antigen within the vaccine thus maximizing antigen expo-
sure to the immune system, targeting antigen in a certain
form to specific physiological locations thereby assuring
pick-up of the antigen by the professional Antigen Present-
ing Cells (APCs). Examples of immunological adjuvants
presented as delivery system type adjuvants in the formu-
lations of vaccines are alum, emulsions, saponins and cat-
ionic lipids.

Immune activators act directly on immune cells by acti-
vating the pathways significant for induction of adaptive
immunity. These may be exogenous microbial or viral
components, their synthetic derivatives or endogenous
immunoactive compounds such as cytokines, chemokines
and costimulatory molecules. This type of molecules can
enhance specific immunity to the target antigen. As of today,
toll-like receptor agonists, nucleotide oligomerization
domain-like receptor agonists, recombinant endogeneous
compounds like cytokines, chemokines or costimulatory
molecules are available and may serve as immune potentia-
tors. It is however important to emphasize that cytokines and
chemokines are species-specific molecules and therefore are
not readily comparable in different animals. In these cases
the homologues of respective molecules need to be used,
which considerably complicates the use of such adjuvants as
well as the interpretation of experimental results in one
species and the extrapolation thereof to another species.
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DNA vaccines as several other genetic vaccines have been
developed over several years and present a promising
approach in the induction of specific immune responses in
test animals. However, these vaccines have turned out to be
ineffective in humans and larger animals. One of the reasons
is probably that the reactivity and immunogenicity is lower
than for traditional vaccines. A likely reason for this defi-
ciency is the limited capacity for protein expression in vivo,
which is of greater significance in outbred animals, includ-
ing humans as well as the more homogeneous nature and
lack of contaminating pathogen-derived ingredients in the
actual vaccine preparation.

This has caused a need for the development of specific,
finely tuned immunological adjuvants for the preparation of
vaccines, which would be targeted for activation of the
immune system without profound toxic effects. As a result
of this need, efforts have been made to combine DNA
vaccines with cytokines or chemokines, like hematopoietic
growth factors, such as GM-CSF, or chemokines like MIP-
la, which can improve the immune responses against the
antigen encoded by the DNA vaccine. However, unfortu-
nately these effects are still quite weak. Co-delivery of the
cytokines and chemokines as proteins requires enormous
work before a good quality protein can be produced for
actual use in animals or humans.

As for the use of nucleic acid based expression vectors for
the expression of an adjuvant for use in combination with
DNA vaccines, questions arise regarding the appropriate
level and site of expression of a particular adjuvant molecule
and the effect of this expression on the tissue to which the
vaccine is administered.

The observations about the potential useful effect of
adjuvants in immune stimulation were made in the early
days by Gaston Ramon who found that higher antibody titers
were developed in the horses which developed abscesses
post-vaccination. The concept of using immunological adju-
vants to improve antigen-specific immune responses has
been inseparably linked from the early findings with their
capacity to induce inflammatory processes due to contami-
nations. As a result, the use of such immunological adju-
vants may cause clinically unacceptable toxicity and serious
health concerns. Therefore, the only globally licensed adju-
vant for human use is alum, a weak adjuvant capable only
of inducing humoral immunity. All the other stronger adju-
vants capable of inducing both humoral and cell-mediated
immunity available today are confined to experimental use
only.

It has been shown that the current repertoire of vaccine
adjuvants is inadequate to generate effective vaccines
against significant pathogens including HIV1, malaria and
tuberculosis (Riedmann et al. 2007; Fraser et al. 20007).
Combination of known adjuvants may overcome some of
the problems associated with the vaccines that are available,
however, a reliable, safe and advanced new generation of
immune modulators in the form of adjuvants is certainly
needed.

In view of the problems still present in the prior art
explained in the above, the aim of the present invention was
thus to find a more efficient adjuvant to accompany and
improve the responses to vaccines available today. The
adjuvant according to the present invention, is a modulator
of the immune system, meaning that it will improve and
strengthen the immune response in a subject to whom the
vaccine is administered.

SUMMARY OF THE INVENTION

The above problems associated with the adjuvants avail-
able in the art today are solved by the present invention by
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providing a novel medical use of an alphaviral replicase or
of an expression vector encoding an alphaviral replicase as
an immune system modulating adjuvant which is species-
independent, more efficient and easier to administer than the
immune system modulating adjuvants available today.

The present invention is based upon the surprising dis-
covery that the provision of an alphaviral replicase alone,
comprising RNA dependent RNA polymerase (RdRp) activ-
ity and compartmentalized to the correct compartment in the
cell, is able to induce innate immune responses in a cell. This
is possible without the presence of viral genome or any other
non-structural or structural viral proteins.

Accordingly, this is a breakthrough discovery which
allows for the development of efficient adjuvants which are
able to activate the immune response providing a quantita-
tively and qualitatively more efficient response to a vaccine
antigen than when a vaccine is administered on its own.

Hence, in one aspect, the present invention encompasses
an alphaviral replicase comprising an RNA dependent RNA
polymerase (RdRp) for use as an adjuvant for modulating
the immune response. Also, the present invention of course
relates to the use of an alphaviral replicase, said replicase
comprising an RNA dependent RNA polymerase, in the
manufacture of an adjuvant for modulating the immune
response. In a preferred embodiment, said replicase is
encoded by an expression vector, such as a DNA vector for
use as an adjuvant for modulating the immune system. In
one preferred embodiment, said replicase is an SFV (Semliki
Forest Virus) replicase.

The efficacy of the immune system modulating activity of
the alphaviral replicase can be adjusted through specific
mutations in the nuclear localization region of the nSP2
subunit of the replicase. Accordingly, the present invention
relates to alphaviral replicases having specific mutations in
the nSP2 region of the wildtype replicase, for use as adju-
vants for modulating the immune system and to expression
vectors encoding alphaviral replicases having specific muta-
tions in the nSP2 region of the wildtype replicase for use as
adjuvants for modulating the immune system, which
mutants have been shown to be even more efficient in
inducing an immune response in a subject when adminis-
tered together with a vaccine of choice. The specific muta-
tions shown to be efficient in the current context are RDR
and AAA mutants presented in positions 1185-1187 of the
wildtype SFV replicase amino acid sequence, which are
further described herein.

The alphaviral replicase has been shown to be exception-
ally suitable as an adjuvant by being able to boost and
increase the immune response in a subject to whom a
vaccine, e.g. in the form of a nucleic acid based vaccine, is
administered. The inventors show that the interferon
response is increased in vivo when the adjuvant in the form
of a replicase is administered together with a vaccine, as
compared to when only the vaccine is administered.

Furthermore, the invention relates to the use of the
alphaviral replicase or an expression vector encoding an
alphaviral replicase as an adjuvant for modulating the
immune response. The present invention also relates to use
of an alphaviral replicase as disclosed herein as an adjuvant
in a vaccine composition for the manufacture of a medica-
ment for the prevention and/or treatment of an infectious
disease. Said vaccine accompanying the adjuvant may e.g.
be in the form of a nucleic acid based vaccine or a protein-
based vaccine. In addition, a method for preparing a vaccine
composition comprising the adjuvant according to the inven-
tion is provided herein. The present invention also relates to
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a novel protein with replicase activity as well as an expres-
sion vector encoding said replicase.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. IFN-beta measured from Cop5 cell culture super-
natants transfected with RdRp using different DNA concen-
trations. 10 ng, 200 ng, or 1000 ng of expression vectors
pRSV-Nsp1234, pRSV-RDR, pRSV-AAA, or HIV multian-
tigen expressing vector paraDMgB (negative control, no
RdRp activity) were transfected into Cop5 cells. Cell culture
supernatants were collected in three time-points (24 h, 48 h,
and 72 h) and assayed for interferon-f} expression.

FIG. 2. IFN-beta measured from Cop5 cell culture super-
natants transfected with RdRp using different DNA concen-
trations. 10 ng, 200 ng, or 1000 ng of pRSV-RDR, pRSV-
GAA, pRSV-RDR-GAA, and pRSV-AAA-GAA were
transfected into CopS5 cells. Cell culture supernatants were
collected in three time-points (24 h, 48 h, and 72 h) and
assayed for interferon-f expression.

FIG. 3. IFN-beta measured from Cop5 cell culture super-
natants transfected with either transreplicase or RdRp con-
structs. 10 ng, 200 ng, or 1000 ng of pRSV-SFV-Rluc,
pRSV-Nsp1234, and KS123M4-RL (negative control, no
RdRp activity) were transfected into Cop5 cells. Cell culture
supernatants were collected in three time-points (24 h, 48 h,
and 72 h) and assayed for interferon-f} expression.

FIG. 4. IFN-beta in HEK293 cells. HEK293 cells were
transfected with electroporation and with the addition of
carrier DNA. 1 pg of plasmid DNA or poly(I:C) was used.
Supernatants were collected at three time-points (24 h, 48 h,
and 72 h) and assayed for interferon-f} expression.

FIG. 5. IFN-a and -b in HACAT cells. Cells were trans-
fected by electroporation and with the addition of carrier
DNA. 1 ng of plasmid DNA or poly(I:C) was used. Super-
natants were collected at three time-points (24 h, 48 h, and
72 h) and assayed for interferon-p and -a expression. Lanes
1, 5, 9 pRSV-RDR; lanes 2, 6, 10 pRSV-RDR-GAA; lanes
3,7, 11 poly(I:C); lanes 4, 8, 12 mock transfected.

FIG. 6. IFN-gamma ELISPOT of mice. Augmentation of
cellular immune response in mice when plasmid DNA is
co-administrated with the plasmid pRSV-RDR at ratio 4:1
(800 ng vaccine vector and 200 ng adjuvant vector). Group
1 GTU-MultiHIV; group 2 GTU-MultiHIV+pRSV-
Nspl1234; group 3 GTU-MultiHIV+pRSV-RDR; group 4
control group.

FIG. 7. Augmentation of the humoral immune response
against the antigens from influenza virus when the plasmid
vector encoding influenza virus HA and NA is co-adminis-
trated with the DNA plasmid pRSV-RDR.

FIG. 8. Cumulative IFN-gamma ELISPOT results against
two recognized epitopes in Gag and Env, group average.
Three groups of Balb/C mice were immunized two times
(week 0 and week 4) with plasmid DNA encoding MultiHIV
antigen alone or together with pRSV-RDR that was added
either with the first or the second immunization. Fourth
group was naive. Interferon gamma Elispot was done from
freshly isolated spleen cells 10 days after the second immu-
nization. Group 1 GTU-MultiHIV; group 2 GTU-Multi-
HIV+pRSV-RDR with 2nd immunization; group 3 GTU-
MultiHIV+pRSV-RDR with 1st immunization; group 4
naive mice.

FIG. 9: Cumulative Granzyme B ELISPOT results against
two recognized epitopes in Gag and Env, group average.
Three groups of Balb/C mice were immunized two times
(week 0 and week 4) with plasmid DNA encoding MultiHIV
antigen alone or together with pRSV-RDR that was added
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either with the first or the second immunization. Fourth
group was naive. Granzyme B Elispot was done from freshly
isolated spleen cells 10 days after the second immunization.
Group 1 GTU-MultiHIV; group 2 GTU-MultiHIV+pRSV-
RDR with 2nd immunization; group 3 GTU-MultiHIV+
pRSV-RDR with 1st immunization; group 4 naive mice.

DEFINITIONS

An “expression vector” refers to a DNA or RNA based
vector or plasmid which carries genetic information in the
form of a nucleic acid sequence. The terms “plasmid”,
“vector” and/or “expression vector” may be used inter-
changeably herein.

An “RNA dependent RNA polymerase” or an “RdRp”, is
an enzyme, protein or peptide having an enzymatic activity
that catalyzes the de novo synthesis of RNA from an RNA
template. A replicase is a viral polyprotein or complex of
polyprotein processing products that has RdRp activity and
catalyzes the replication of specific viral RNA. They are
commonly encoded by viruses which have a RNA genome.
Accordingly, a replicase provides the function of an RNA
dependent RNA polymerase, but also further comprises
additional viral non-structural polyprotein sub-units provid-
ing other functions in addition to RdRp activity. A “com-
partmentalized” RdRp (CRdRp) is defined herein as an
RdRp of a replicase that is capable of providing the RdRp
activity and which is able to be directed to the correct
compartment in the cell to provide its function.

The terms “antigen” and “gene of interest” as referred to
herein, comprises entities, which when administered to a
subject in need thereof, for example in the form of an
expression vector or in the form of a peptide or a protein,
directly or indirectly may generate an immune response in
the subject to whom it is administered. When the antigen is
a gene which may provide for the expression of an antigenic
protein/peptide it may also be referred to as a “gene of
interest”. If the gene of interest is administered in the form
of an expression vector, such as a DNA vector, the immune
response will be triggered when the genes encoded by the
vector are expressed in the host.

A ““vaccine” as referred to herein, is a preparation which
is used to improve the immunity to a particular disease. A
vaccine can comprise one or more antigen(s) derived from
a pathogen which when administered to a subject in need
thereof, will trigger an immune response to the one or more
antigen(s), thereby inducing an immunity in the subject
providing protection towards a later “real” infection with the
pathogen in question. Vaccines can be prophylactic, e.g.
prevent or lessen the effects of a future infection by any
natural pathogen, or they can be therapeutically acting when
the infection is already present. In the context of the present
invention, the alphaviral replicase or the expression vector
encoding the alphaviral replicase is intended to be used as an
adjuvant for modulating the immune response together with
both a preventive and/or a therapeutic vaccine. Vaccines
may be dead or inactivated microorganisms or purified
products derived from them. In general, there are four types
of traditional vaccines. These are vaccines containing killed
microorganisms which are previously virulent micro-organ-
isms, live attenuated virus microorganisms, toxoids which
are inactivated toxic compounds, or subunits of the attenu-
ated or inactivated microorganism. A vaccine may be in the
form of a protein, or it may be indirect in the form of an
expression vector from which one or more antigen(s) are
expressed thereby inducing an immune response in a sub-
ject. In a vaccine composition as disclosed herein, any
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vaccine, examples of which are provided in the above, may
be administered together with the adjuvant according to the
invention. Hence, in the present context, a “vaccine” refers
to any entity which comprises one or more antigen(s) or
which encodes one or more gene(s) of interest, and which
when administered will generate an immune response as
explained herein. A “vaccine” may also comprise additional
components aiding in the administration to a subject in need
thereof, such as a constituent and/or excipient, examples of
which are given herein.

An “adjuvant” as referred to herein, may be defined as an
immunological agent that can activate the innate immune
system and modify the effect of other agents, such as a
vaccine. An adjuvant is an agent that may stimulate the
immune system and increase the response to a vaccine,
providing a stronger and more efficient immune response to
the subject who is vaccinated, than when the vaccine is
administered on its own. Hence, adjuvants are often used to
increase or in any other manner influence the effect of a
vaccine by e.g. stimulating the immune system to respond to
the vaccine more vigorously, thus providing increased
immunity to a particular disease. Adjuvants may accomplish
this task by mimicking specific sets of evolutionarily con-
served molecules. Examples of such molecules are lipo-
somes, lipopolysaccharide (LPS), bacterial cell wall com-
ponents, double-stranded RNA (dsRNA), single-stranded
DNA (ssDNA), and unmethylated CpG dinucleotide-con-
taining DNA etc. The presence of an adjuvant in conjunction
with the vaccine can greatly increase the innate immune
response to the antigen by mimicking a natural infection.
When an “adjuvant” is referred to herein, what is intended
is an alphaviral replicase or an expression vector encoding
an alphaviral replicase with RNA dependent RNA poly-
merase activity as disclosed herein, providing the adjuvant
function. The adjuvant may also be an expression vector,
such as a DNA vector, providing for the expression of an
alphaviral replicase comprising the RNA dependent RNA
polymerase activity. Hence, the alphaviral replicase may be
administered as it is, or it may be administered in the form
of an expression vector, from which the alphaviral replicase
is expressed providing the adjuvant function. A vaccine
composition as referred to herein, may in some embodi-
ments comprise more than one vaccine entity, such as in the
form of one or more expression vector(s), encoding the one
or more genes of interest, or providing the one or more
antigen(s) by being e.g. a protein-based vaccine, thereby
providing a cocktail of vaccines to be administered to the
patient in need thereof.

By “modulating the immune system”, “modulating the
immune response”, or an “immune system modulating activ-
ity” is meant the actions or activities which are provided by
the adjuvant, as defined herein, and which effects are further
explained with the term adjuvant in the above. This may for
example be in the form of stimulating the immune system to
respond to the vaccine more vigorously and/or providing
increased immunity to a particular disease. The adjuvant
according to the invention is characterized by that it when it
is administered together with a vaccine will provide an
increased response to the antigen being administered in the
form of a vaccine, than when the vaccine is administered on
its own without the adjuvant.

An “expression cassette” as disclosed herein, comprises a
nucleic acid sequence encoding one or more genes or coding
sequences optionally accompanied by various regulatory
sequences for regulating the expression of the genes. These
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genes may form part of a vaccine encoding various antigens
which when expressed will generate an immune response in
the host.

A “mutation” as referred to herein, constitutes a deletion,
substitution, insertion and/or specific point mutation that has
been performed in a nucleic acid sequence to change the
performance of the adjuvant function according to the
invention. Specific mutations introduced into the replicase
for improving the adjuvant properties thereof according to
the present invention are further exemplified herein.

A “promoter”, is a regulatory region located upstream
towards the 3' region of the anti-sense strand of a gene,
providing a control point for regulated gene transcription.
The promoter contains specific DNA sequences, also named
response elements that are recognized by transcription fac-
tors which bind to the promoter sequences recruiting RNA
polymerase, the enzyme that synthesizes the RNA from the
coding region of the gene.

In the present context, when a nucleic acid sequence or an
amino acid sequence “essentially corresponds to” a certain
nucleic acid or amino acid sequence, this refers to a
sequence which has from 90% identity with the mentioned
sequence, such as about 91, 92, 93, 94, 95, 96, 97, 99 or
close to 100% identity with the present sequence. Of course,
in some embodiments the nucleic acid or amino acid
sequence also consists of the specified sequence.

DETAILED DESCRIPTION OF THE
INVENTION

The present inventors disclose for the first time that an
alphaviral replicase, carrying functional RNA dependent
RNA polymerase (RdRp) activity, is able to cause an
immune system modulating effect, i.e. to act as an immune
system modulating adjuvant, when administered alone with-
out the need for any additional structural or non-structural
viral proteins or genomic nucleic acid sequences to provide
this effect.

Herein it is shown for the first time that an alphaviral
replicase comprising a functional RdARp administered alone
to the cells is able to induce induction of type I interferons,
which activate the innate immunity and improve the quality
and effectiveness of the adaptive humoral and cellular
immune responses. It is envisaged that the alphaviral repli-
case with the functional RdRp can principally be used as
immune system modulating adjuvant in combination with
any type of vaccine or antigen.

Furthermore, it is shown that the function of the alphaviral
replicase as an immune system modulating adjuvant could
be further improved by introducing specific mutations in a
region of the replicase defined as the nuclear localization
signal of the nSP2 subunit (Rikkonen et al. 1992).

It is important to note that no specific viral template RNA
containing cis-signals for interaction with the RdRp of the
replicase is needed for its activity as an immune system
modulating adjuvant, which means that, without wishing to
be bound by theory, the RdARp may use some cellular RNA
as a template to initiate synthesis of the RNA replication
intermediates in the cell cytoplasm. This is a breakthrough
which provides for a novel approach for constructing an
adjuvant, only rendering it necessary to administer an
alphaviral replicase, e.g. in the form of a protein or encoded
by an expression vector, such as a DNA vector, without any
other parts of the virus, to obtain an activation of the immune
response.

Accordingly, in a first aspect the present invention relates
to an alphaviral replicase comprising an RNA dependent
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RNA polymerase, for use as an adjuvant for modulating the
immune system. It should be understood that herein, when-
ever referred to an alphaviral replicase comprising an RNA
dependent RNA polymerase for use as an adjuvant for
modulating the immune system herein, whichever the
embodiment, it also refers to use of an alphaviral replicase
comprising an RNA dependent RNA polymerase for the
manufacture of an adjuvant for modulating the immune
response. Hence, accordingly, the present invention also in
a similar aspect relates to the use of an alphaviral replicase
comprising RNA dependent RNA polymerase, such as in the
form of an expression vector, for the manufacture of an
adjuvant for modulating the immune response.

In one preferred aspect of the invention, the alphavirus is
the Semliki Forest Virus. It should be understood that herein,
whenever a replicase is referred to, it always comprises the
option of the replicase being a SFV replicase. In one
embodiment, the amino acid sequence of the replicase of the
Semliki Forest Virus essentially corresponds to SEQ ID
NO:1, being suitable for use as an adjuvant for modulating
the immune system. The amino acid sequence of the repli-
case of the Semliki Forest Virus may also consist of the
sequence corresponding to SEQ ID NO:1, or of the
sequences corresponding to the mutant replicases. In one
preferred embodiment, said replicase is mutated in the nsP2
region generating the mutant RRR>RDR in positions 1185-
1187 of SEQ ID NO:1, being suitable for use as an adjuvant
for modulating the immune system. This mutated sequence
corresponds to the amino acid sequence provided in SEQ ID
NO: 2, and is also encompassed by the present invention for
use as an adjuvant for modulating the immune response. In
another preferred embodiment, the replicase is mutated in
the nsP2 region generating the mutant RRR>AAA in the
positions 1185-1187 of SEQ ID NO:1, also being suitable
for use as an adjuvant for modulating the immune system.
This mutated sequence corresponds to the amino acid
sequence as provided in SEQ ID NO:3 and is also encom-
passed by the present invention for use as an adjuvant for
modulating the immune response. The invention of course
also relates to an expression vector encoding a replicase as
defined in any embodiment herein, for use as an adjuvant for
modulating the immune response. Said replicase, either in
the form of a peptide and/or a protein, and/or encoded by an
expression vector, may be formulated together with a phar-
maceutically acceptable excipient and/or constituent,
examples of which are given herein. In yet another embodi-
ment, a mixture of both or either of the mutated replicases
as mentioned herein and/or together with the wildtype
replicase, optionally expressed by one or more expression
vector(s) is used as an adjuvant for modulating the immune
response.

It is important to note that the present inventors have for
the first time discovered that an alphaviral replicase, without
the presence of any additional viral antigens, can in itself act
as an immune system modulating adjuvant. For example,
when in the form of an expression vector, the expression
vector when expressed may cause an immune system modu-
lating effect in a subject even in the absence of the simul-
taneous administration of additional nucleic acid sequences
encoding a heterologous antigen or any other alphaviral
nucleic acid sequences. To provide this effect, it has been
shown that the RdRp activity of the replicase is crucial as
well as the ability of the replicase to proceed to the correct
compartment in the cell cytoplasm, i.e. the procedure of
compartmentalization of the replicase, which is further dis-
cussed in the below.
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Without wishing to be bound by theory, when the adjuvant
is administered in the form of an expression vector, the
replicase seems to be activated for expression in the cell
nucleus of the transfected cells of the target tissue. It is
further envisaged that upon transcription of the expression
vector, the mRNA encoding the replicase is transported to
the cytoplasm, where it is translated into the replicase
protein that possesses cytoplasmic RNA-dependent RNA
polymerase activity. This enzyme is compartmentalized to
the specific cytoplasmic compartments, where the RNA-
dependent RNA polymerase activity generates effector mol-
ecules, including, but possibly not limited to, double-
stranded RNA, inside of the cell cytoplasm, which trigger a
massive, strong and long-lasting cellular antiviral response,
including the induction of expression of type I interferons.
This type of induction of the antiviral response is universal,
species-independent and activates both cell-mediated and
humoral immune responses.

Accordingly, in another aspect, the present invention
relates to an expression vector encoding an alphaviral rep-
licase, such as SFV replicase, as defined herein, preferably
a DNA vector, such as a plasmid DNA expression vector,
which in one embodiment is pRSV-Nsp1234, corresponding
essentially to the sequence as disclosed in SEQ ID NO:5, for
use as an adjuvant for modulating the immune system. The
nucleic acid sequence of the replicase of the Semliki Forest
Virus may also consist of the sequence corresponding to
SEQ ID NO:5, or of the sequences corresponding to the
mutant replicases. In some embodiments, the replicase
encoded by the expression vector is mutated in the nsP2
region. As a general reference, the nsP2 region of an SFV
replicase (SEQ ID NO:1) is located approximately in amino
acid positions 538-1336 of SEQ ID NO:1. In one embodi-
ment, the expression vector encodes a replicase which is
mutated in the nsP2 region generating the mutant
RRR>RDR in positions 1185-1187 of SEQ ID NO:1, being
suitable for use as an adjuvant for modulating the immune
system. In one embodiment, said expression vector is
encoded by the sequence essentially corresponding to SEQ
ID NO:4, but wherein a mutation has been introduced into
positions 4129-4131 of this sequence, such as in one
embodiment the mutation CGG to GAC, for use as an
adjuvant for modulating the immune response. The nucleic
acid sequence of the replicase of the Semliki Forest Virus
may also consist of the sequence corresponding to SEQ 1D
NO:4, but wherein a mutation has been introduced into
positions 4129-4131 of this sequence, such as in one
embodiment the mutation CGG to GAC. In another embodi-
ment, the expression vector encodes a replicase which is
mutated in the nsP2 region generating the mutant
RRR>AAA in the positions 1185-1187 of SEQ ID NO:1,
which is used as an adjuvant for modulating the immune
system. In one embodiment, the expression vector is
encoded by the sequence essentially corresponding to SEQ
ID NO:4, but wherein a mutation has been introduced in
positions 4126-4133 of this sequence, such as in one
embodiment the mutation CGGCGGAG to GCCGCCGC,
for use as an adjuvant for modulating the immune response.
The nucleic acid sequence of the replicase of the SFV may
also consist of the sequence corresponding to SEQ ID NO:4,
but wherein a mutation has been introduced in positions
4126-4133 of this sequence, such as in one embodiment the
mutation CGGCGGAG to GCCGCCGC. This means that in
the respective amino acid sequences, the wild type amino
acid sequence has been altered from RRR to RDR and AAA,
respectively, in positions 1185-1187 in SEQ ID NO:1. Said
expression vector, mutated or not, may in a preferred
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embodiment be a DNA vector. Said vector may also be a
viral expression vector, such as an adenoviral vector or a
herpesvirus-based vector or any other usable viral expres-
sion vector. In one embodiment, the expression vector is a
RNA-based vector. In yet another embodiment, the adjuvant
is administered in the form of alphaviral replicase mRNA. In
one embodiment, the invention relates to an alphaviral
replicase plasmid DNA expression vector which is pRSV-
AAA, essentially corresponding to the nucleic acid sequence
disclosed in SEQ ID NO:5, wherein positions 5126-5133
have been mutated from CGGCGGAG to GCCGCCGC, for
use as an adjuvant for modulating the immune system. In
another embodiment, the invention relates to an alphaviral
plasmid DNA expression vector which is pRSV-RDR,
essentially corresponding to SEQ ID NO:5, wherein posi-
tions 5129-5131 have been mutated from CGG to GAC, for
use as an adjuvant for modulating the immune system. The
nucleic acid sequence of the replicase of the Semliki Forest
Virus may also consist of the sequence corresponding to
SEQ ID NO:5, or of the sequences corresponding to the
mutant replicases mentioned in the above.

As is understood by the skilled person, an expression
vector according to the invention encoding the replicase for
use as an adjuvant for modulating the immune system may
of course also comprise additional commonly used compo-
nents aiding in the expression of the vector, such as various
regulatory sequences in the form of promoters, enhancers,
etc. The expression vector encoding a replicase as defined
herein for use as an adjuvant for modulating the immune
system may also comprise an origin of replication and/or a
selection marker, such as an antibiotic selection marker or a
selection system based upon the araD gene, as provided for
in the applicants own application published as WO2005/
026364. Such a selection system as disclosed in WO2005/
026364 comprises a bacterial cell deficient of an araD gene
into which a vector carrying an araD gene, preferably a
bacterial araD gene, such as an araD gene from E. coli, a
complementary sequence thereof, or a catalytically active
fragment thereof has been added as a selection marker. The
araD gene encodes a functional L-ribulose-5-phosphate
4-epimerase (EC 5.1. 3.4.).

As demonstrated in the experimental section, the expres-
sion of the mutated forms of the replicase, also acts as
immune system modulating adjuvants. Moreover, the muta-
tions can modulate the adjuvant activity of the replicase: the
RDR mutant has enhanced ability of type I IFN induction
compared to (wildtype) wt replicase expression (Example
2). The replicase with the RRR>AAA mutation acts as an
immune system modulating adjuvant similarly to the wild-
type replicase (Example 2). It is also demonstrated in the
experimental section that transfection of the different human
and mouse cells with replicase-based expression vectors
alone induced activation of type I interferon production
(Example 2)

The results described in the experimental section clearly
demonstrate that the RNA-dependent RNA polymerase
(RdRp) activity of the replicase is absolutely necessary for
immune modulation activity. The signature GDD motif of
viral RNA polymerases is located in the region of nsp4 of the
alphaviral replicase wherein the RdRp enzymatic activity is
located. The mutation GDD>GAA in this motif destroys the
RdRp activity (Tomar et al. 2006). Introduction of the
GDD>GAA mutation into the replicase completely abol-
ishes the induction of the Type I interferon response (Ex-
ample 2), thereby demonstrating the necessity of the RdRp
activity for the immune system modulating effect.
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Experimental data also showed that the expression of
replicases with a functional RdRp activity but not the
replicases with the GDD>GAA mutation resulted in the
accumulation of the dsRNA in the cytoplasm of the trans-
fected cells. Without wishing to be bound by theory, these
results indicate that the immune system modulating activity
of the replicase may at least partially be mediated by the
dsRNA recognition pathway, wherein the replicase produces
dsRNA from endogenous RNA in the cytoplasm. However,
it is not excluded that other pathways (e.g. via recognition of
uncapped RNA) are involved. In some cases, induction of
the type I IFN response was observed without indication of
dsRNA accumulation in cytoplasm (Example 3).

In addition, different kinetic patterns were observed when
the IFN response was induced by the SFV replicase expres-
sion compared to induction by synthetic dsSRNA (poly 1:C)
transfection. In the experiments with the replicase expres-
sion vector transfections, the IFN level was increased during
the first days after transfection. In contrast, the IFN level
showed the maximum value in the first time point (24 h)
after transfection with synthetic dsRNA, and decreased
thereafter (Example 2).

Immunological data presented in the experimental section
clearly demonstrate that co-administration of the MultiHIV
antigen DNA vaccine (Blazevic et al. 2006) together with
the expression vector encoding the replicase, in this case the
SFV replicase, significantly enhance quantitatively the cell-
mediated immune response if compared with immunization
with the DNA vaccine alone (measured by the ELISPOT
assays) (FIG. 6). In addition, the values were clearly higher
in the case with the replicase with the RRR>RDR mutation
than the wildtype replicase (Example 4). Thus, the immu-
nological data correlates with the results of IFN response
induction: no positive effect to cell mediated immunity was
observed if the replicase with destroyed RdRp activity
(GDD>GAA) mutation was co-administered with the DNA
vaccine. This clearly shows the importance of the RdRp
activity for providing the adjuvant effect according to the
invention.

The triggering of innate immunity responses, like type
IFN response by SFV infection, is well known in the art. It
has also been shown that the immune modulation activity of
the alphaviruses can be tuned by introducing mutations in
the nsP2 region of the non-structural polypeptide of the
replicase. The infection of primary mouse fibroblasts with
SFV (Semliki Forest Virus) that had single point mutation
RRR>RDR in nsP2 NLS, resulted in increased expression of
type I IFN and the proinflammatory cytokine TNF-c. in virus
infected cells, if compared to wt SFV infection (Breakwell
et al. 2007). It should however be pointed out that in
Breakwell et al. the cells were infected with whole virus
particles resulting in delivery, expression and replication of
the whole viral genome, and, thereby generating the IFN
response.

However, differently from prior art, the present invention
have demonstrated that the induction of IFN response is not
bound to viral infection and viral genome replication itself,
but also can be obtained by the expression of the viral
non-structural polyprotein, i.e. the replicase, alone without
including the viral genome, viral particles or structural
proteins. Moreover, it is demonstrated that the SFV replicase
can be expressed from codon-optimised cDNA that have low
homology with natural nucleic acids of SFV and still provide
the adjuvant effect. An example of such a codon-optimized
sequence is provided in SEQ ID NO:4. When expressed,
SEQ ID NO:4 provides for the amino acid sequence as
disclosed in SEQ ID NO:1.
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It is to be understood that nucleic acid and amino acid
sequences as referred to herein forming part of the present
invention also comprise nucleic acid and amino acid
sequences with approximately 90% identity to these
sequences, such as 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%
identity with the sequences. This means that the sequences
may be shorter or longer or have the same length as the
sequences disclosed herein, but wherein some positions in
the nucleic acid sequence or the amino acid sequence have
been altered in a suitable manner. However, when a mutated
alphaviral replicase is used, the mutated sequence will
always be present and hence be excluded when determining
the identity of a sequence with the specific sequence dis-
closed herein. The sequence used in the present invention
may hence be altered in any suitable manner for the intended
purpose, such as by the introduction, change and/or removal
of a specific nucleic acid in the nucleic acid sequence, or an
amino acid in the amino acid sequence. It is important to
note that even if the sequence is altered, the RNA dependent
RNA polymerase activity of the replicase expressed from the
expression vector remains.

In some embodiments of the present invention, said
adjuvant as defined herein, for use as an adjuvant for
modulating the immune system, is formulated together with
a pharmaceutically acceptable excipient and/or constituent.
Such a pharmaceutically acceptable excipient and/or con-
stituent may be chosen from any suitable source. Examples
of pharmaceutical excipients are liquids, such as water or an
oil, including those of petroleum, animal, vegetable, or
synthetic origin, such as peanut oil, soybean oil, mineral oil,
sesame oil and the like. The pharmaceutical excipients can
be saline, gum acacia, gelatin, starch paste, talc, keratin,
colloidal silica, urea and the like. In addition, auxiliary,
stabilizing, thickening, lubricating, and coloring agents can
be used. In one embodiment, the pharmaceutically accept-
able excipients are sterile when administered to an animal.
Saline solutions and aqueous dextrose and glycerol solutions
can also be employed as liquid excipients, particularly for
injectable solutions. Suitable pharmaceutical excipients also
include starch, glucose, lactose, sucrose, gelatin, malt, rice,
flour, chalk, silica gel, sodium stearate, glycerol monoste-
arate, talc, sodium chloride, dried skim milk, glycerol,
propylene, glycol, water, ethanol and the like. A composition
with the adjuvant can, if desired, also contain minor amounts
of wetting or emulsifying agents, or pH buffering agents.
The present compositions can also take the form of solu-
tions, suspensions, emulsion, tablets, pills, pellets, capsules,
capsules containing liquids, powders, sustained-release for-
mulations, suppositories, emulsions, aerosols, sprays, sus-
pensions, or any other form suitable for use. In one embodi-
ment, the composition is in the form of a capsule. Other
examples of suitable pharmaceutical excipients are
described in Remington’s Pharmaceutical Sciences 1447-
1676 (Alfonso R. Gennaro ed., 19th ed. 1995). In one
embodiment, the adjuvant according to the invention is
formulated in accordance with routine procedures as a
composition adapted for oral administration to human
beings. Compositions for oral delivery can be in the form of
tablets, lozenges, aqueous or oily suspensions, granules,
powders, emulsions, capsules, syrups, or elixirs, for
example. Oral compositions can include standard excipients
such as mannitol, lactose, starch, magnesium stearate,
sodium saccharin, cellulose, and magnesium carbonate. In
one embodiment, the excipients are of pharmaceutical grade.
In another preferred embodiment, the adjuvant can be for-
mulated for intravenous administration. Typically, compo-
sitions for intravenous administration comprise sterile iso-
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tonic aqueous buffer. Where necessary, the compositions can
also include a solubilizing agent.

Methods of administration of the expression vector
according to the invention comprise, but are not limited to,
intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, oral, sublingual, intrac-
erebral, intravaginal, transdermal, rectal, by inhalation, or
topical, particularly to the ears, nose, eyes, or skin. The
mode of administration can be left to the discretion of the
practitioner. In an especially preferred embodiment, the
adjuvant according to the invention, optionally in combina-
tion with a suitable vaccine, is administered to a patient in
need thereof by a Gen Gun methodology (Klein et al 1992),
by injections combined with electroporation (“electropora-
tion-mediated DNA drug delivery”; intradermal or intramus-
cular), by topical administration onto mucosal surfaces (e.g.
in the form of intranasal spray). The genetic adjuvant can be
also combined with specific delivery adjuvants, which facili-
tate uptake of plasmid DNA by cells (e.g. polyethylenimide
and other similar).

Electorporation (EP) utilizes the in vivo application of
electrical fields to enhance the intracellular delivery of
agents of interest in a targeted region of tissue. The EP
delivery technique is dependent on the propagation of
threshold level electrical fields throughout the target tissue
site after the agent of interest has been distributed within the
interstitial space of said tissue. This spatial and temporal
“co-localization” of electrical fields and therapeutic agent in
the target tissue is a critical requirement for achieving
efficacious DNA delivery.

Electroporation has been demonstrated to be effective on
both prokaryotic and eukaryotic cells and is capable of
introducing DNA, large macromolecules (e.g., antibodies),
proteins, dyes, metabolic precursors (e.g., 32P-ATP), and
nonpermeant drugs and metabolites into cells with high
efficiency. (De Lise et al, Developmental Biology Protocols;
Jan. 21, 2000).

In one aspect of the present invention, the adjuvant may
optionally be administered together with the vaccine of
choice in a vaccine composition as a first immunization to
the patient in need thereof. Some results provided by the
present inventors have shown that such a mode of admin-
istration of the adjuvant may provide an improved immune
response as compared to when the adjuvant is administered
together with the vaccine in the second round of immuni-
zation (see FIGS. 8 and 9). Hence, in one aspect, the present
invention relates to a method of administering a vaccine
composition as defined herein, said vaccine composition
comprising an adjuvant as defined herein, wherein said
adjuvant is administered as part of the vaccine composition
in the first immunization of the patient in need of said
treatment. Optionally the co-administration of the adjuvant
with the vaccine in a vaccine composition is only performed
with the first immunization dose, i.e. no adjuvant is admin-
istered if additional doses of the vaccine are administered at
a later stage to the individual in need thereof.

Hence, yet another aspect of the present invention relates
to an alphaviral replicase, said replicase comprising an RNA
dependent RNA polymerase, for use in a vaccine composi-
tion to be administered as a first immunization dose. Accord-
ingly, in one aspect the present invention relates to a method
of administering an adjuvant in a vaccine composition as
defined herein, said adjuvant comprising an alphaviral rep-
licase, said replicase comprising an RNA dependent RNA
polymerase, wherein said administration of the adjuvant is
performed with the first immunization dose of the vaccine
composition to a patient in need thereof. In the present
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context, the “first immunization dose” refers to when the
vaccine comprising one or more antigen(s) is administered
to the patient in need thereof for the first time, thereafter
triggering an immune response to the vaccine (i.e. the one or
more antigen(s) administered therewith). In another aspect,
the present invention relates to the use of an alphaviral
replicase, said replicase comprising an RNA dependent
RNA polymerase in the manufacture of a vaccine compo-
sition wherein said adjuvant is to be administered with the
first immunization dose.

It should however be noted that the present invention is
not limited to the mode of administration mentioned in the
above, i.e. to be administered (optionally only) with the first
immunization dose, and it may also well be so that the
skilled practitioner will find additional alternative methods
of administration which will function in a similar and
equally preferred manner.

In another aspect, the invention relates to the use of an
alphaviral replicase, or an expression vector encoding an
alphaviral replicase, said replicase comprising an RNA
dependent RNA polymerase, as an adjuvant for modulating
the immune system. In one embodiment, said alpha virus is
the Semliki Forest Virus. In yet another embodiment, said
replicase used as an adjuvant for modulating the immune
system corresponds to the amino acid sequence essentially
as disclosed in SEQ ID NO:1. The amino acid sequence of
the replicase of the Semliki Forest Virus may also consist of
the sequence corresponding to SEQ ID NO:1, or of the
sequences corresponding to the mutant replicases. In another
preferred embodiment, the invention relates to the use of an
alphaviral replicase, said replicase comprising an RNA
dependent RNA polymerase, as an adjuvant for modulating
the immune system, wherein the replicase is mutated in the
nsP2 region generating the mutant RRR>RDR in positions
1185-1187 of SEQ ID NO:1, represented by SEQ ID NO:2.
In another preferred embodiment, the replicase is mutated in
the nsP2 region generating the mutant RRR>AAA in the
positions 1185-1187 of SEQ ID NO:1, represented by SEQ
ID NO:2. In some embodiments, the replicase as such
defined is encoded by an expression vector, which in some
embodiments is a DNA vector. Optionally, said replicase
may be formulated together with a pharmaceutically accept-
able excipient and/or constituent.

As demonstrated in example 5, the replicase with the
mutation RRR>RDR also enhance the quantity of antibody
response evoked by immunisation with DNA vaccine
expressing the influenza antigens. The experimental data
shows that the antibody levels were highest in the cases
when the SFV replicase unit is co-administrated with influ-
enza DNA vaccine, giving even higher values than well-
defined adjuvant GM-CSF expression vector when co-ad-
ministrated with the vaccine vector.

In yet another preferred aspect, the invention relates to the
use of an alphaviral replicase, being either wildtype, codon-
optimized or mutated, such as with an RDR or an AAA
mutation as further defined herein, or an expression vector,
such as a DNA vector, encoding an alphaviral replicase as
defined herein, said replicase comprising an RNA dependent
RNA polymerase, as an adjuvant for modulating the immune
response when present in a vaccine composition, for the
manufacture of a medicament for the prevention and/or
treatment of an infectious disease. The present invention
also relates to the use of an alphaviral replicase, as defined
herein, as an adjuvant, in the manufacture of a vaccine
composition. Said vaccine composition is preferably used
for the prevention and/or treatment of an infectious disease.
The present invention also relates to an alphaviral replicase,
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as defined herein being either wildtype, codon-optimized or
mutated, such as with an RDR or an AAA mutation as
further defined herein, or an expression vector encoding an
alphaviral replicase, said replicase comprising an RNA
dependent RNA polymerase, for use as an adjuvant for
modulating the immune response when present in a vaccine
composition, for the prevention and/or treatment of an
infectious disease. As previously stated herein, the replicase
may essentially correspond to the amino acid sequences as
disclosed in SEQ ID NO:1, 2 or 3. Furthermore, the repli-
case may consist of the sequences as disclosed in SEQ ID
NO:1, 2 or 3. In one embodiment, the vaccine composition,
wherein the alphaviral replicase is present as an adjuvant,
optionally encoded by an expression vector, is used for the
prevention and/or treatment of an infectious disease. In one
embodiment, the vaccine composition wherein the alphavi-
ral replicase, optionally encoded by an expression vector, is
present as an adjuvant is used for the prevention and/or
treatment of a bacterial disease. In another embodiment, the
vaccine composition wherein the alphaviral replicase,
optionally encoded by an expression vector, is present as an
adjuvant is used for the prevention and/or treatment of a
viral disease, which viral disease preferably is caused by
HIV (Human Immunodeficiency Virus; HIV-I, HIV-II),
potentially leading to AIDS. In yet another embodiment, the
vaccine composition wherein the alphaviral replicase is
present, optionally encoded by an expression vector, as an
adjuvant is used for the prevention and/or treatment of
cancer. The vaccine which is administered in combination
with the replicase providing the adjuvant properties of the
composition may be any suitable vaccine for the present
purpose. In some embodiments, the vaccine is protein-
based, and in other embodiments the vaccine is an expres-
sion vector which encodes one or more antigen(s) or gene(s)
of interest. The expression vector may be any suitable
nucleic acid based expression vector encoding one or more
genes of interest or antigens capable of inducing a specific
immune response in a host to which the vaccine composition
is administered. In one preferred embodiment, the vector of
the vaccine composition is based upon an influenza virus.

Accordingly, in one aspect, the present invention relates
to a vaccine composition comprising an alphaviral replicase
as defined in any of the embodiments herein providing an
adjuvant effect, and a vaccine of choice, also as defined
herein. The vaccine may optionally be GTU-MultiHIV.
(Blazevic V, et al. AIDS Res Hum Retroviruses. 2006 July;
22(7):667-77). Accordingly, the vaccine in the vaccine com-
position may in some aspects contain one or more structural
or non-structural HIV protein(s) of choice, such as the
antigens which are disclosed in the applicant’s own publi-
cation WO02090558.

The replicase adjuvant and the antigen may in the context
of the present invention be encoded by the same expression
vector, wherein the replicase provides the adjuvant proper-
ties and the vaccine part of the vector is a separate inde-
pendent part of the vector providing its function indepen-
dently of the replicase. Despite thereof, the replicase may
optionally be fused to any other coding sequence in any
expression vector encoding an antigen. The expression vec-
tor encoding the adjuvant and/or the vaccine may in some
embodiments be a DNA vector. As will be understood by the
skilled person, the vaccine composition according to the
invention may also comprise more than one vaccine unit,
meaning that a cocktail of several vaccines may be admin-
istered to a subject in need thereof together with the adjuvant
according to the invention.
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In yet another aspect, the present invention relates to the
use of an alphaviral replicase as defined herein in a vaccine
composition as an adjuvant for modulating the immune
response for the manufacture of a medicament for the
prevention and/or treatment of an infectious disease or the
use of an alphaviral replicase as defined herein as an
adjuvant for the manufacture of a vaccine composition,
wherein the vaccine comprising the one or more gene(s) of
interest is an expression vector comprising:

a. a DNA sequence encoding a nuclear-anchoring protein
operatively linked to a heterologous promoter, said
nuclear-anchoring protein comprising
(1) a DNA binding domain which binds to a specific

DNA sequence, and
(i1) a functional domain that binds to a nuclear com-
ponent, or a functional equivalent thereof; and

b. a multimerized DNA binding sequence for the nuclear
anchoring protein, wherein said vector lacks an origin
of replication functional in mammalian cells.

Said vaccine composition as defined herein may be used
in the treatment and/or prevention of an infectious disease,
such as HIV infection, as well as in the treatment of a
bacterial disease or cancer.

The present invention also relates to an alphaviral repli-
case as defined herein for use as an adjuvant for modulating
the immune response in a vaccine composition for the
prevention and/or treatment of an infectious disease,
wherein the vaccine comprising the one or more gene(s) of
interest is an expression vector comprising:

a) a DNA sequence encoding a nuclear-anchoring protein
operatively linked to a heterologous promoter, said
nuclear-anchoring protein comprising
(1) a DNA binding domain which binds to a specific

DNA sequence, and
(i1) a functional domain that binds to a nuclear com-
ponent, or a functional equivalent thereof; and

b) a multimerized DNA binding sequence for the nuclear
anchoring protein, wherein said vector lacks an origin
of replication functional in mammalian cells.

The term “nuclear-anchoring protein” refers to a protein,
which binds to a specific DNA sequence and which is
capable of providing a nuclear compartmentalization func-
tion to the vector, i.e., to a protein, which is capable of
anchoring or attaching the vector to a specific nuclear
compartment. In one embodiment, said nuclear-anchoring
protein is the E2 protein from the Bovine Papilloma Virus
Type 1. In another preferred embodiment, part i) and/or part
i1), i.e. the DNA binding domain binding to a specific DNA
sequence and/or the functional domain which binds to a
nuclear component, is obtained from the E2 protein of the
Bovine Papilloma Virus type 1. In one embodiment, said
protein is a recombinant and/or a synthetic protein. A nuclear
component may for example be mitotic chromatin, the
nuclear matrix, nuclear domain 10 (ND10), or nuclear
domain POD.

Such vectors which may form part of the vaccine com-
positions for use together with the replicase adjuvant accord-
ing to the invention are further disclosed in applicants own
application published as WO02090558, as well as in
(Blazevic V, et al. AIDS Res Hum Retroviruses. 2006 July;
22(7):667-77). It should be noted that these vectors are
however only examples of vectors that may be combined
with the replicase for use as an adjuvant according to the
present invention forming a vaccine composition as dis-
closed herein. Any suitable expression vector functioning as
a vaccine may be formulated together with the replicase for
use as an adjuvant therein according to the invention to
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produce a composition which will generate a stronger and
more efficient immune response in the subject to which the
vector is administered, than the administration of a vaccine
alone. In one embodiment, the present invention relates to
the use of an alphaviral replicase said replicase comprising
an RNA dependent RNA polymerase for use as an adjuvant
for modulating the immune system in a vaccine composition
for the manufacture of a medicament for the prevention
and/or treatment of an infectious disease.

Regarding vaccine compositions, wherein the replicase is
used as an adjuvant, it should be noted that is it up to the
skilled practitioner to determine the suitable dosage and the
amounts of the adjuvant and/or the vaccine present in the
vaccine composition for the subject in need of a treatment
with the adjuvant as disclosed herein. In one preferred
aspect, the replicase which is part of the vaccine composi-
tion is encoded by an expression vector, which preferably is
a DNA vector. Said vaccine may also in some embodiments
be an expression vector, such as a DNA vector, or it may be
a protein-based vaccine.

In another aspect, the present invention relates to a
method for preparing a vaccine composition as disclosed
herein comprising therein an alphaviral replicase for use as
an adjuvant, comprising mixing a suitable amount of the
alphaviral replicase or an expression vector encoding an
alphaviral replicase comprising a RNA dependent RNA
polymerase with a suitable amount of the vaccine and
optionally adding a pharmaceutically acceptable excipient
and/or constituent. The suitable amounts of the respective
ingredients may be determined by the skilled practitioner;
however examples of some preferred doses are also given
herein.

In yet another aspect, the present invention relates to a
method comprising administering a suitable amount of a
vaccine composition comprising therein an alphaviral rep-
licase or an expression vector encoding an alphaviral repli-
case for use as an adjuvant according to the present inven-
tion to a subject in need thereof. The administration route for
the vaccine composition may be any suitable route as
determined by the skilled practitioner, examples of which
are given herein. A subject in need thereof may be any
mammal, such as a human being or an animal.

In yet another aspect, the invention relates to a method for
administering an alphaviral replicase comprising RNA
dependent RNA polymerase, optionally encoded by an
expression vector, as an adjuvant for modulating the
immune response to a subject in need thereof, said adjuvant
being administered in combination with a vaccine in a
suitable amount, when administered providing an increase in
the immune response in the subject to whom the adjuvant
and the vaccine is administered as compared to when the
vaccine is administered on its own.

In yet another aspect, the invention relates to a protein
essentially corresponding to the amino acid sequence dis-
closed in SEQ ID NO:3. The protein may also consist of the
amino acid sequence as disclosed in SEQ ID NO:3. In yet
another aspect, the invention relates to a protein essentially
corresponding to SEQ ID NO:1, but wherein a mutation
generating the change in amino acids from RRR to AAA has
been performed in positions 1185-1187 of SEQ ID NO:1.
The protein may also consist of the sequence corresponding
to SEQ ID NO:1, but wherein a mutation generating the
change in amino acids from RRR to AAA has been per-
formed in positions 1185-1187 of SEQ ID NO:1. In yet
another aspect, the invention relates to a protein essentially
corresponding to the amino acid sequence as disclosed in
SEQ ID NO:3, for use as a medicament. In yet another
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aspect, the invention relates to a protein consisting of the
amino acid sequence as disclosed in SEQ ID NO:3, for use
as a medicament. In yet another aspect, the present invention
relates to a protein essentially corresponding to the amino
acid sequence as disclosed in SEQ ID NO:3, for use as an
adjuvant for modulating the immune response. In yet
another aspect, the present invention relates to the use of a
protein essentially corresponding to the amino acid sequence
as disclosed in SEQ ID NO:3, for the manufacture of an
adjuvant for modulating the immune response. In yet
another aspect, the invention relates to a protein encoded by
a nucleic acid sequence essentially corresponding to the
sequence as disclosed in SEQ ID NO:4, but wherein a
mutation has been introduced into positions 4126-4133
changing CGGCGGAG to GCCGCCGC. In yet another
aspect, the invention relates to a protein encoded by a
nucleic acid sequence consisting of the sequence as dis-
closed in SEQ ID NO:4, but wherein a mutation has been
introduced into positions 4126-4133 changing CGGCG-
GAG to GCCGCCGC. In yet another aspect, the invention
also relates to a nucleic acid sequence essentially corre-
sponding to the sequence as disclosed in SEQ ID NO:4, but
wherein a mutation has been introduced into positions
4126-4133 changing CGGCGGAG to GCCGCCGC. Fur-
thermore, the invention also relates to a nucleic acid
sequence consisting of the sequence as disclosed in SEQ 1D
NO:4, but wherein a mutation has been introduced into
positions 4126-4133 changing CGGCGGAG to GCCGC-
CGC.

In yet another aspect, the invention relates to an expres-
sion vector comprising an expression cassette comprising a
sequence essentially corresponding to the sequence as dis-
closed in SEQ ID NO:4, but wherein a mutation has been
introduced into positions 4126-4133 of SEQ ID NO:4,
generating when expressed the mutant RRR>AAA in posi-
tions 1185-1187 of SEQ ID NO:1 (SEQ ID NO:3). In yet
another aspect, the invention relates to an expression vector
comprising an expression cassette consisting of a sequence
essentially corresponding to the sequence as disclosed in
SEQ ID NO:4, but wherein a mutation has been introduced
into positions 4126-4133 of SEQ ID NO:4, generating when
expressed the mutant RRR>AAA in positions 1185-1187 of
SEQ ID NO:1 (SEQ ID NO:3). In yet another aspect, the
invention relates to an expression vector comprising an
expression cassette comprising a sequence essentially cor-
responding to the sequence as disclosed in SEQ ID NO:4,
wherein a mutation has been introduced into positions
4126-4133 of SEQ ID NO:4, generating when expressed the
mutant RRR>AAA in positions 1185-1187 of SEQ ID NO:1,
generating when mutated the amino acid sequence as dis-
closed in SEQ ID NO:3, for use as a medicament.

In yet another aspect, the present invention relates to the
use of an alphaviral replicase, said replicase comprising an
RNA dependent RNA polymerase, for the manufacture of an
adjuvant for modulating the immune system. Said alpha
virus may optionally be the Semliki Forest Virus. In some
aspects, the amino acid sequence of the replicase essentially
corresponds to SEQ ID NO:1. The amino acid sequence of
the replicase may also consist of the sequence corresponding
to SEQ ID NO:1, or of the mutated versions of the replicase
mentioned herein. In other aspects, the replicase is mutated
in the nsP2 region generating the mutant RRR>RDR in
positions 1185-1187 of SEQ ID NO:1. In yet another aspect,
the replicase is mutated in the nsP2 region generating the
mutant RRR>AAA in the positions 1185-1187 of SEQ ID
NO:1.
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The present invention also relates to the use of an expres-
sion vector encoding an alphaviral replicase as defined
herein, for the manufacture of an adjuvant for modulating
the immune system. In some aspects, said expression vector
is a DNA vector. Said replicase or said expression vector
encoding said replicase may also be formulated together
with a pharmaceutically acceptable excipient and/or con-
stituent.

EXPERIMENTAL SECTION

Expression Vectors

PRSV-Nsp1234 (SEQ ID NO:5) is a 10342 bp plasmid
vector which expresses codon optimised SFV replicase
(SEQ ID NO:4) from an RSV LTR promoter. Heterologous
rabbit beta-globin gene derived intron is introduced into the
replicase coding sequence.
Main Features:

Start-End  Description

9933-268
437-963
1001-8869
1213-1785
8878-9090
9204-9899

pUCori

RSV LTR

SFV replicase coding sequence with intron (SEQ ID NO: 4)
intron

bgh pA

araD selection marker

PRSV-AAA is identical to pRSV-Nspl1234 (SEQ ID
NO:5) but contains the RRR to AAA mutation in the aa
1185-1187 of SEQ ID NO:1: the nucleotide sequence in
positions 5126-5133 is mutated from CGGCGGAG to
GCCGCCGC.

pRSV-RDR is identical to pRSV-Nspl1234 (SEQ ID
NO:5) but contains the RRR to RDR mutation in the aa
1185-1187 of SEQ ID NO:1: the nucleotide sequence in
positions 5129-5131 is mutated from CGG to GAC.

PRSV-GAA is identical to pRSV-Nspl1234 (SEQ ID
NO:5) but contains the GDD to GAA mutation in the aa
2283-2285 of SEQ ID NO:1: the nucleotide sequence in
positions 8424-8427 is mutated from ACGA to CCGC.

PRSV-AAA-GAA is identical to pRSV-Nsp1234 (SEQ ID
NO:5) but contains the RRR to AAA mutation in the aa
1185-1187 of SEQ ID NO:1: the nucleotide sequence in
positions 5126-5133 is mutated CGGCGGAG to GCCGC-
CGC; and GDD to GAA mutation in the aa 2283-2285 of
Nsp1234: the nucleotide sequence in positions 8424-8427 is
mutated from ACGA to CCGC.

PRSV-RDR-GAA is identical to pRSV-Nsp1234 (SEQ ID
NO:5) but contains the RRR to RDR mutation in the aa
1185-1187 of SEQ ID NO:1: the nucleotide sequence in
positions 5129-5131 is mutated from CGG to GAC; and
GDD to GAA mutation in the aa 2283-2285 of Nsp1234: the
nucleotide sequence in positions 8424-8427 is mutated from
ACGA to CCGC.

phelF4A1-Nsp1234 (SEQ ID NO:6) is a 10248 bp plas-
mid vector which expresses codon optimised SFV replicase
(SEQ ID NO:4) from human elF4A1 promoter. Heterolo-
gous rabbit beta-globin gene derived intron is introduced
into the replicase coding sequence.

Main Features:

Start-End  Description

9839-268  pUCori
367-894  helF4Al promoter

26

-continued

Start-End  Description

907-8775
1119-1691
8784-8996
9110-9805

SFV replicase coding sequence with intron (SEQ ID NO: 4)
intron

bgh pA

araD selection marker

phelF4A1-AAA is identical to phelF4A1-Nsp1234 (SEQ

0 ID NO:6) but contains the RRR to AAA mutation in the aa
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1185-1187 of SEQ ID NO:1: the nucleotide sequence in
positions 5032-5039 is mutated from CGGCGGAG to
GCCGCCGC.

phelF4A1-RDR is identical to phelF4A1-Nsp1234 (SEQ
ID NO:6) but contains the RRR to RDR mutation in the aa
1185-1187 of SEQ ID NO:1: the nucleotide sequence in
positions 5035-5037 is mutated from CGG to GAC.

phEF1aHTLV-Nsp1234 (SEQ ID NO:7) is 10258 bp
plasmid vector expresses codon optimised SFV replicase
(SEQ ID NO:4) from human EFla promoter plus HTLV
UTR. Heterologous rabbit beta-globin gene derived intron is
introduced into the replicase coding sequence.
Main Features:

Start-End  Description

9849-268
372-903
917-8785

1129-1701

8794-9006

9120 9815

pUCori

hEF1a/HTLV

SFV replicase coding sequence with intron (SEQ ID NO: 4)
intron

bgh pA

araD selection marker

phEF1aHTLV-AAA is identical to phEF1aHTLV-
Nspl1234 (SEQ ID NO:7) but contains the RRR to AAA
mutation in the aa 1185-1187 of SEQ ID NO:1: the nucleo-
tide sequence in positions 5042-5049 is mutated from
CGGCGGAG to GCCGCCGC.

phEF1aHTLV-RDR is identical to phEF1aHTLV-
Nspl1234 (SEQ ID NO:7) but contains the RRR to RDR
mutation in the aa 1185-1187 of SEQ ID NO:1: the nucleo-
tide sequence in positions 5045-5047 is mutated from CGG
to GAC.

phEF1aHTLV-GAA is identical to phEF1aHTLV-
Nspl1234 (SEQ ID NO:7) but contains the GDD to GAA
mutation in the aa 2283-2285 of SEQ ID NO:1: the nucleo-
tide sequence in positions 8340-8343 is mutated from
ACGA to CCGC.

EXAMPLE 1

Construction of the DNA Plasmids Expressing the
SFV Replicase with Mutation RRR>RDR in nsP2
Region

Previously, the SFV replicase protein sequence (non-
structural polypeptide nsP1234) (SEQ ID NO: 1) was back-
translated and codon-optimised synthetic cDNA with heter-
ologous rabbit beta-globin gene derived intron (introduced
into the coding sequence) was synthesised (SEQ ID NO: 4).
The cDNA was inserted into the expression plasmids so that
different heterologous Pol II promoter and UTR elements
were used for expression of SFV replicase from the codon-
optimised coding sequence (FIG. 5). Particularly, Rous
sarcoma virus S'LTR, human elF4A1 promoter and chimeric
promoter consisting of human EFla promoter plus HTLV
UTR were utilised. The vectors expressing SFV replicase
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(SEQ ID NO:1) were named pRSV-Nsp1234 (SEQ ID NO
5), phelF4A1-Nsp1234 (SEQ ID NO 6), and phEF1aHTLV-
Nsp1234 (SEQ ID NO 7). In addition, mutations in amino
acids 1185-1187 RRR>AAA, in the nsP2 NLS region, were
introduced into the vectors pRSV-Nsp1234, phelF4Al-
Nsp1234, and phEF1aHTLV-Nsp1234. The plasmids were
named pRSV-AAA, phelF4A1-AAA, and phEF1aHTLV-
AAA, respectively.

It is known by literature data that a particular mutation in
aa 1185-1187, RRR>RDR, of the gene encoding the wild-
type SFV replicase significantly enhances the induction of
IFN response in virus infected cells compared to cells
infected with wt virus (Breakwell et al. 2007). Thus, muta-
tion RRR>RDR was introduced into the vectors pRSV-
Nsp1234, phelF4A1-Nsp1234, and phEF1aHTLV-Nsp1234.
The plasmids were named pRSV-RDR, phelF4A1-RDR, and
phEF1aHTLV-RDR, respectively.

It is known by literature data that the mutation
GDD>GAA in the highly conserved GDD motif of the
alphavirus nsP4 (aa 2283-2285 of the SFV Nsp1234) protein
completely abolishes the RNA dependent RNA polymerase
activity (Tomar et al. 2006). Previously, the GDD>GAA
mutation was introduced into the replicase encoded by the
vectors pPRSV-Nsp1234, and pRSV-AAA. The cloned vec-
tors were named as pRSV-GAA, and pRSV-AAA-GAA,
respectively. In addition, the GDD>GAA mutation was
introduced into the context of the plasmid pEFlaHTLV-
Nsp1234, resulting in the vector pEF1aHTLV-GAA. With
the intention to construct the control vector with the
RRR>RDR mutation in the nsP2 region, the GDD>GAA
mutation was introduced into the vector pRSV-RDR result-
ing in the plasmid pRSV-RDR-GAA.

EXAMPLE 2

Induction of Type I Interferon Response by RdRp
Expression

We used Cop5 mouse fibroblast cell line (ATCC number
CRL-1804) as a model cell line to discriminate between
different replicase constructs for their ability to induce type
I interferon expression. Cop-5 cells were propagated in
Iscove’s Modified Dulbecco’s Medium (IMDM) supple-
mented with 10% fetal calf serum, 2 mM L-Glutamine, and
streptomycin-penicillin. Two other human cell lines were
also used comparatively—HEK293 and HACAT. Cells were
propagated at 37° C. under 5% CO, and grown to 50 to 70%
confluency.

Transfections

Electroporation was carried out with a Bio-Rad Gene
Pulser. Three plasmid DNA concentrations were used for
transfections with 10 ng, 200 ng and 1000 ng and equimolar
amounts of control plasmids. All five different constructs
were assayed for their ability to induce interferon response:
pRSV-Nsp1234, pRSV-RDR, pRSV-AAA, pRSV-RDR-
GAA, and pRSV-AAA-GAA. Cells were treated with
trypsine, harvested by centrifugation and suspended in
growth medium and supplemented with 5 mM NaBes.
Electroporation was performed in 0.4 mm cuvettes in the
presence of 50 ug of carrier DNA (salmon sperm DNA) and
left in the cuvette for 15 minutes, washed with growth
medium, and seeded on 6-well plates.

Interferon-f Assay

Cell culture supernatants were harvested 24 h, 48 h, and
72 h after transfection and frozen at -20° C. until further
analysis using interferon-o and -f kits (PBL Biomedical
Laboratories). Cell culture supernatants were appropriately
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diluted and used in the enzyme-linked immunosorbent assay
according to manufacturer’s instructions (PBL Biomedical
Laboratories).

Results

Levels of interferon-p were quantified from collected
supernatants by enzyme-linked immunosorbent assay
(ELISA) (PBL Biomedical Laboratories) according to the
manufacturer’s instructions.

Conclusions

The generation of interferon response is due to the RNA-
dependent RNA-polymerase (RdRp) activity in the compart-
mentalized RdRp complex. The RdRp effect was completely
revoked when the enzymatic activity of RdRp was cancelled
out by introducing a GAA mutation into the active centre of
the polymerase unit (FIG. 2). The interferon expression
profile measured from cell culture supernatants after trans-
fection with constructs containing GAA mutation was simi-
lar to construct which does not encode any enzymatic
activity (FIG. 1, lane paraDMgB).

On the basis of cell culture experiments, the mutant where
the nuclear localization signal (NLS) has been modified in
the Nsp2 region by introducing a RDR mutation was chosen
as the most promising adjuvant candidate. The mutant with
other modifications (AAA) in the same position of the NLS
or wild type RdRp was also assayed for their ability to
induce type I interferon response, but with substantially
lower effects (FIG. 1). We also compared the replicase
expression vector pRSV-Nsp1234 (SEQ ID NO:5) with the
vector pRSV-SFV-Rluc that express both the replicase as
well as specific viral cis-sequences containing template
RNA. The latter acts as specific substrate for the replicase.
The results of In IFN response induction assay showed that
the existence of specific template RNA was not the crucial
factor in inducing the interferon response (FIG. 3). In human
cell lines HEK293 and HACAT we were also able to show
specific interferon-f, and to a lesser extent, interferon-c
induction by pRSV-RDR (FIGS. 4 and 5).

EXAMPLE 3

Accumulation of dsRNA in Cytoplasm of Replicase
Expressing Cells

It is known that dsRNA intermediates are produced during
the replication cycle of the SFV genome or the replicase
template RNA. The presence of the dsRNA in the cytoplas-
matic compartment signalling the viral infection to the cell
and may lead of the antiviral response cascade, including the
type I interferon response.

As is documented above (Example 2), the SFV replicase
expression alone induce the type I interferon response in
transfected cells. In addition, it was determined that RdRp
activity of the replicase is critical for the IFN response,
because no IFN response was observed after transfection
with the expression vectors bearing GDD>GAA mutation
that abolish the RdRp activity (Example 2).

Thus, the presence and localization of dsRNA in cells
transfected with the replicase expression vectors alone was
studied. For this purpose IF analysis using anti-dsRNA
monoclonal antibody J2 (Scicons, Hungary) was utilised.
This approach was previously used for detection of dsRNA
in the cells after infection with +strand RNA viruses (Weber
et al 2006). Briefly, the cells were transfected with replicase
expression vectors and the next day after transfection the
immunofluorescence analysis of paraformaldehyde fixed
cells was performed with anti-Nspl and anti-dsRNA anti-
bodies (mixed). For signal detection by fluorescence micros-
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copy, secondary antibodies labelled with fluorochromes
Alexad88 and Alexa568 and staining the nuclei by DAPI
were used.

Experiment 1.

The RD cells were transfected by PEI-DNA complex with
0.5 ug of phEF1aHTLV-Nsp1234 or with 0.5 ug of phEF1
aHTLV-GAA. The results clearly demonstrated that the
Nspl signal was observed in both cultures. The cytoplasmic
dsRNA signal that co-localize with the anti-nsP1 stained
spheric patterns was detected in the cells transfected with the
phEF1aHTLV-Nsp1234 but not in cells transfected with
phEF1 aHTLV-Nsp1234-GAA.

Experiment 2.

The Cop5 cells were transfected by electroporation with
1 ug of pRSV-Nsp1234, pRSV-GAA, pRSV-RDR or with
pRSV-RDR-GAA. The results shown that although the Nsp1
signal was observed in all cultures, the replicase colocalized
cytoplasmic dsRNA was detectable in cells transfected with
pRSV-Nsp1234 or pRSV-RDR, but not in cells transfected
with the plasmids pRSV-GAA or with pRSV-RDR-GAA.

Experiment 3.

The RD cells were transfected by PEI-DNA complex with
0.5 or 1 ug of pRSV-Nsp1234, pRSV-AAA or with pRSV-
RDR. The results demonstrated that the Nspl signal was
seen in all cultures. The cytoplasmic dsRNA signal that
co-localize with the anti-nsP1 stained spheric patterns was
detected in the cells transfected with the pRSV-Nsp1234 or
pRSV-RDR but not in cells transfected with pRSV-AAA.

CONCLUSION

It was demonstrated that expression of the wt SFV
replicase or the replicase with the mutation RRR>RDR in
the nsP2 region, as previously defined herein, induce clear
dsRNA accumulation in the cytoplasm of transfected cells
that co-localize with the nspl positive spheric patterns. In
contrast, no such dsRNA accumulation was detected if the
cells which were transfected with replicase bearing the
GDD>GAA mutation that abolish their RdRp activity.

Thus, these results show correlation between dsRNA
accumulation and type 1 IFN induction by the different
replicase mutants. However, no dsRNA accumulation was
detected after transfection with the RRR>AAA mutant of the
replicase, but induction of type I IFN response was still
observed. This may indicate that the induced IFN response
is not triggered only by dsRNA signalling, but also by other
pathways related to the RdRp activity of the replicase.
However, it cannot be excluded that smaller amounts of
dsRNA is produced by the replicase mutant RRR>AAA that
is not detectable by the used assay conditions.

EXAMPLE 4

Adjuvant Effect of the Expression of the SFV
Replicase on the Cell Mediated Immune Response

Three different groups of mice (Balb/c) 5 mice per group)
were immunized with gene gun 2 times with 2 week
intervals. One microgram plasmid DNA was administrated
with both immunizations. The plasmid vector GTU-Multi-
HIV (encoding selected genes from HIV-1) is an experi-

10

15

20

25

30

35

40

45

50

55

60

65

30

mental DNA vaccine for HIV-1. When GTU-MultiHIV
plasmid was co-administrated with the adjuvants pRSV-
Nsp1234 or pRSV-RDR then 0.8 pg GTU-MultiHIV and 0.2
ng adjuvant plasmid were mixed together. For those mice
receiving GTU-MultiHIV vector alone, 1 pug plasmid DNA
was used. Mice were sacrificed 10 days later. Interferon vy
ELISPOT analysis was performed with freshly isolated
splenocytes. For stimulating cells one single peptide derived
from p24 protein of HIV-1 (AMQMLKETI) was used,
which is known to be presented by MHC class I molecules
of Balb/c mice. Another stimulant was a pool of overlapping
peptides covering the Rev-protein of HIV-1, another com-
ponent encoded by the DNA-vaccine.

The results indicate that when a DNA vaccine was co-
administrated with the vector encoding replicase from SFV,
the augmentation of cellular immune response up to 3-fold
was observed (FIG. 6).

EXAMPLE 5

Effect of the SFV Replicase Expression on the
Induction of the Humoral Immune Response
Against the Avian Influenza Virus

Three different groups of mice (5 mice per group) were
immunized with the plasmid vector pETB-12m-1, encoding
HA- and NA-antigens from influenza virus. Mice were
immunized in the similar way as in the previous example (1
ng plasmid DNA per immunization, when plasmid was
co-administrated with the genetic adjuvant then the ratio 4:1
was used—800 ng immunizing vector and 200 ng adjuvant
vector). Blood samples were analysed for the presence of
specific antibodies in ELISA test 2 weeks after the 27¢
immunization. In this experiment another genetic adjuvant,
the vector encoding cytokine GM-CSF, known to boost
humoral immune response, was used for comparison.

The results indicate that after two immunizations the best
titers were detected in the group where genetic adjuvant
pRSV-RDR was mixed with the antigen encoding plasmid.
(FIG. 7)

EXAMPLE 6

Adjuvant Effect of the Expression of the SFV
Replicase on the Cell Mediated Immune Response
in Mice

Three different groups of mice (Balb/c) 4 or 5 mice per
group were immunized with gene gun 2 times with 4 week
intervals. One microgram of plasmid DNA was adminis-
trated with both immunizations. The plasmid vector GTU-
MultiHIV (encoding selected genes from HIV-1) is an
experimental DNA vaccine for HIV-1. When GTU-Multi-
HIV plasmid was co-administrated with the adjuvant pRSV-
RDR either on the first or the second immunization then 0.8
ng of GTU-MultiHIV and 0.2 pg of adjuvant plasmid were
mixed together. For those mice receiving GTU-MultiHIV
vector alone, 1 pg of plasmid DNA was used. Mice were
sacrificed 10 days after the second immunization. Interferon
v and granzyme B ELISPOT analysis was performed with
freshly isolated splenocytes. For stimulating cells one single
peptide derived from p24 protein of HIV-1 (AMQMLKETT)
and one from Env protein of HIV-1 (RGPGRAFVTI) was
used, which are known to be presented by MHC class I
molecules of Balb/c mice.

The results indicate that the time of co-administration of
the adjuvant SFV replicase has a complex effect on the
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cellular immune response. Adding adjuvant to the immuni-
zation mixture increases interferon gamma response com-
pared to animals who received only GTU-MultiHIV. Dif-
ferent functional capabilities of the cells are revealed after
granzyme B expression analysis. Adjuvant augments gran-
zyme B response nearly 3 fold when administered to mice
with the first immunization.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7
<210>
<211>
<212>
<213>

SEQ ID NO 1
LENGTH: 2432
TYPE: PRT
ORGANISM: Virus

<400> SEQUENCE: 1

Val Ile Glu

10

Met Ala Ala Lys Val His Ala

1 5

Asp Asp

Gln
20

Ala Phe Ser Phe Glu Val

25

Lys Ser Leu Lys Pro

Val Thr Pro Asn Asp His Ala Asn Ala Arg Ala Phe

Thr Ile Glu Gln Glu

55

Thr Thr

60

Lys Leu

50

Asp Lys Asp

Ile
65

Gly Ala Met Met Ser Thr

75

Ser
70

Ser Pro Arg Arg

Val Met

85

Cys Cys Pro Arg Ser Ala Glu Asp Pro Glu

90

Ala Ala Ala Ala Ser Val

105

Tyr Lys Lys Leu

100

Gly Lys

Ile Ala Gly Ile Thr Gln Thr Val

115

Leu Met

120

Lys Asp

Ala Glu

130

Thr Phe Thr Val

140

Ser Pro Cys Leu His

135

Asp

Ala
145

Ala Glu Val Ala Val

150

Tyr Gln Asp Val Tyr Ala

155

Thr His Gln Ala Met Val

165

Ser Leu Tyr Lys Gly

170

Arg

Ile Phe Thr Thr Phe Met

185

Gly Asp Pro Phe Ala

180

Asp

Ser

Glu

Ser

Leu

His

Arg

Leu

Ala

125

Thr

Val

Thr

Leu

Pro

Ser

Phe
15

Ile

Leu Gln

30

His

Ile

Lys

Leu

Asp

Leu Ala

Leu

Asp

His
80

Tyr

Val
95

Cys

Arg Glu

110

Thr

Cys

His

Ala

Ala

Pro Asp

Arg Thr

Ala Pro

160

Tyr
175

Trp

Gly Ala

190
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Tyr

Arg

Lys

225

Met

Arg

Phe

Lys

Ala

305

Thr

Ser

Pro

Leu

385

Ala

Thr

Tyr

Asn

465

Leu

Glu

Leu

Glu

Ser

545

Tyr

Pro

Arg

Pro

Asn

210

Leu

Phe

Ser

Thr

Lys

290

Val

Val

Thr

Glu

Asn

370

Pro

Asp

Cys

Lys

Ser

450

Arg

Ile

Lys

Val

Glu

530

Ala

Val

Val

Ala

Thr

195

Ile

Ser

Ser

Trp

Cys

275

Ile

Thr

Lys

Ile

Asp

355

Gly

Ile

Leu

Cys

Lys

435

Phe

Ser

Pro

Glu

Pro

515

Leu

Leu

Val

His

Gly
595

Tyr

Gly

Ile

Val

His

260

Arg

Thr

Tyr

Gly

Cys

340

Ala

Arg

Val

Asp

Cys

420

Pro

Val

Arg

Val

Arg

500

Ile

Glu

Lys

Leu

Pro

580

Arg

Ala

Leu

Leu

Gly

245

Leu

Cys

Met

His

Glu

325

Asp

Gln

Thr

Ala

Asp

405

Leu

Asp

Ile

Ile

Leu

485

Leu

Ala

Tyr

Val

Ser
565

Leu

Tyr

Thr

Cys

Arg

230

Ser

Pro

Asp

Cys

Ala

310

Arg

Gln

Lys

Gln

Val

390

Glu

Trp

Thr

Pro

Lys

470

Asp

Glu

Pro

His

Thr

550

Pro

Ala

Gln

Asn

Ala

215

Lys

Thr

Ser

Thr

Pro

295

Glu

Val

Met

Leu

Arg

375

Ala

Lys

Ala

Gln

Ser

455

Met

Ala

Ala

Ala

Ala

535

Ala

Gln

Glu

Val

Trp

200

Ala

Lys

Leu

Val

Ile

280

Gly

Gly

Ser

Thr

Leu

360

Asn

Phe

Pro

Phe

Thr

440

Leu

Leu

Ser

Glu

Glu

520

Gly

Gln

Thr

Gln

Asp
600

Ala

Ser

Gln

Tyr

Phe

265

Val

Leu

Phe

Phe

Gly

345

Val

Thr

Ser

Leu

Lys

425

Ile

Trp

Leu

Ser

Leu

505

Thr

Ala

Pro

Val

Val

585

Gly

Asp

Leu

Leu

Thr

250

His

Ser

Tyr

Leu

Pro

330

Ile

Gly

Asn

Lys

Gly

410

Thr

Val

Ser

Ala

Ala

490

Thr

Gly

Gly

Asn

Leu
570

Lys

Tyr

Glu

Thr

Lys

235

Glu

Leu

Cys

Gly

Val

315

Val

Leu

Leu

Thr

Trp

395

Val

Arg

Lys

Thr

Lys

475

Arg

Arg

Val

Val

Asp

555

Lys

Ile

Asp

Gln

Glu

220

Pro

Ser

Lys

Glu

Lys

300

Cys

Cys

Ala

Asn

Met

380

Ala

Arg

Lys

Val

Gly

460

Lys

Asp

Glu

Val

Val

540

Val

Ser

Ile

Gly

Val

205

Gly

Cys

Arg

Gly

Gly

285

Thr

Lys

Thr

Thr

Gln

365

Lys

Arg

Glu

Met

Pro

445

Leu

Thr

Ala

Ala

Asp

525

Glu

Leu

Ser

Thr

Arg
605

Leu

Arg

Asp

Lys

Lys

270

Tyr

Val

Thr

Tyr

Asp

350

Arg

Asn

Glu

Arg

His

430

Ser

Ala

Lys

Glu

Leu

510

Val

Thr

Leu

Lys

His

590

Val

Gln

Leu

Thr

Leu

255

Gln

Val

Gly

Thr

Val

335

Val

Ile

Tyr

Tyr

Ser

415

Thr

Glu

Ile

Arg

Gln

495

Pro

Asp

Pro

Gly

Leu
575

Asn

Leu

Ala

Gly

Val

240

Leu

Ser

Val

Tyr

Asp

320

Pro

Thr

Val

Leu

Lys

400

Leu

Met

Phe

Pro

Glu

480

Glu

Pro

Val

Arg

Asn
560
Ala

Gly

Leu
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Pro Cys Gly Ser Ala Ile Pro Val Pro Glu Phe Gln Ala Leu Ser Glu
610 615 620

Ser Ala Thr Met Val Tyr Asn Glu Arg Glu Phe Val Asn Arg Lys Leu
625 630 635 640

Tyr His Ile Ala Val His Gly Pro Ser Leu Asn Thr Asp Glu Glu Asn
645 650 655

Tyr Glu Lys Val Arg Ala Glu Arg Thr Asp Ala Glu Tyr Val Phe Asp
660 665 670

Val Asp Lys Lys Cys Cys Val Lys Arg Glu Glu Ala Ser Gly Leu Val
675 680 685

Leu Val Gly Glu Leu Thr Asn Pro Pro Phe His Glu Phe Ala Tyr Glu
690 695 700

Gly Leu Lys Ile Arg Pro Ser Ala Pro Tyr Lys Thr Thr Val Val Gly
705 710 715 720

Val Phe Gly Val Pro Gly Ser Gly Lys Ser Ala Ile Ile Lys Ser Leu
725 730 735

Val Thr Lys His Asp Leu Val Thr Ser Gly Lys Lys Glu Asn Cys Gln
740 745 750

Glu Ile Val Asn Asp Val Lys Lys His Arg Gly Leu Asp Ile Gln Ala
755 760 765

Lys Thr Val Asp Ser Ile Leu Leu Asn Gly Cys Arg Arg Ala Val Asp
770 775 780

Ile Leu Tyr Val Asp Glu Ala Phe Ala Cys His Ser Gly Thr Leu Leu
785 790 795 800

Ala Leu Ile Ala Leu Val Lys Pro Arg Ser Lys Val Val Leu Cys Gly
805 810 815

Asp Pro Lys Gln Cys Gly Phe Phe Asn Met Met Gln Leu Lys Val Asn
820 825 830

Phe Asn His Asn Ile Cys Thr Glu Val Cys His Lys Ser Ile Ser Arg
835 840 845

Arg Cys Thr Arg Pro Val Thr Ala Ile Val Ser Thr Leu His Tyr Gly
850 855 860

Gly Lys Met Arg Thr Thr Asn Pro Cys Asn Lys Pro Ile Ile Ile Asp
865 870 875 880

Thr Thr Gly Gln Thr Lys Pro Lys Pro Gly Asp Ile Val Leu Thr Cys
885 890 895

Phe Arg Gly Trp Val Lys Gln Leu Gln Leu Asp Tyr Arg Gly His Glu
900 905 910

Val Met Thr Ala Ala Ala Ser Gln Gly Leu Thr Arg Lys Gly Val Tyr
915 920 925

Ala Val Arg Gln Lys Val Asn Glu Asn Pro Leu Tyr Ala Pro Ala Ser
930 935 940

Glu His Val Asn Val Leu Leu Thr Arg Thr Glu Asp Arg Leu Val Trp
945 950 955 960

Lys Thr Leu Ala Gly Asp Pro Trp Ile Lys Val Leu Ser Asn Ile Pro
965 970 975

Gln Gly Asn Phe Thr Ala Thr Leu Glu Glu Trp Gln Glu Glu His Asp
980 985 990

Lys Ile Met Lys Val Ile Glu Gly Pro Ala Ala Pro Val Asp Ala Phe
995 1000 1005

Gln Asn Lys Ala Asn Val Cys Trp Ala Lys Ser Leu Val Pro Val
1010 1015 1020

Leu Asp Thr Ala Gly Ile Arg Leu Thr Ala Glu Glu Trp Ser Thr
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38

Ile

Ala

Ser

Asn

Ala

Gly

Ile

Arg

Ser

Leu

Thr

Asp

Gln

Ala

Tyr

Ser

Thr

Gly

Ala

Ser

Ala

Glu

Tyr

Glu

1025

Ile
1040

Leu
1055

Gly
1070
His
1085

Ala
1100

Gln
1115

Gln
1130

Leu
1145

Arg
1160

Leu
1175

Trp
1190

Leu
1205

Phe
1220

Cys
1235

Leu
1250

Gly
1265

Arg
1280

Ser
1295

Lys
1310

Val
1325

Tyr
1340

Val
1355

Cys
1370

Ala
1385

Pro
1400

Ala
1415

Thr

Asn

Leu

Trp

Thr

Trp

Pro

Pro

Val

Val

Leu

Ser

Val

Val

Arg

Tyr

Lys

Arg

Tyr

Arg

Val

Arg

Thr

Val

Glu

Ala

Glu

Phe

Asp

Ala

His

Leu

His

Glu

Ser

Ser

Leu

Asn

Asp

Leu

Ala

Phe

Thr

Pro

Ala

Val

Asn

Ala

Pro

Ile

Gly

Phe

Ile

Ser

Asn

Ala

Thr

Ser

Ala

Trp

Glu

Pro

Gly

Ile

His

Leu

Asp

Ser

Glu

Ser

Gly

Lys

Ala

Val

Val

His

Asp

Lys

Cys

Ala

Arg

Arg

Gly

Val

Leu

Leu

Tyr

Leu

Leu

His

Ala

Lys

Lys

Ser

Val

Thr

Glu

Arg

Ala

Ala

Gly

Ala

Arg

1030

Glu
1045

Thr
1060

Pro
1075

Pro
1090

Leu
1105

Lys
1120

Leu
1135

Val
1150

Val
1165

Asn
1180

Asn
1195

Pro
1210

Thr
1225

Met
1240

Pro
1255

Ile
1270

Ala
1285

Phe
1300

Leu
1315

Ala
1330

Ala
1345

Asn
1360

Lys
1375

Thr
1390

Val
1405

Glu
1420

Asp

Lys

Lys

Gly

Glu

Gln

Asp

Ala

Asn

Leu

Val

Ala

Glu

Lys

Gly

Ser

Arg

Leu

His

Met

Asp

Ala

Lys

Ile

Ala

Leu

Arg

Tyr

Val

Gly

Ala

Ala

Asn

Glu

Lys

Ala

Thr

Asp

Phe

Leu

Gly

Glu

Val

Leu

Gln

His

Ile

Arg

Trp

Lys

Pro

Ala

Ala

Tyr

Ser

Arg

Arg

Val

Val

Tyr

Val

Leu

Gly

Ala

Arg

Gln

Ser

Ala

Leu

Phe

Met

Thr

Ala

Gly

Pro

Thr

Asn

Ala

Tyr

Gly

Leu

Met

His

Ile

Ile

Lys

Arg

Pro

Ala

Gly

Ile

Met

Leu

Val

Arg

Ser

Asn

Ala

Thr

Thr

Ser

Val

Phe

Val

1035

Ser
1050

Val
1065

Tyr
1080

Tyr
1095

Thr
1110

Ala
1125

Pro
1140

Thr
1155

Gly
1170

Arg
1185

Asp
1200

Arg
1215
His
1230

Leu
1245

Leu
1260

Val
1275

Pro
1290

Asn
1305

Thr
1320

Gly
1335

Cys
1350

Val
1365

Ala
1380

Met
1395

Ser
1410

Tyr
1425

Pro

Asp

Tyr

Gly

Phe

Glu

Ile

Val

Tyr

Arg

Arg

Phe

His

Gly

Met

Ser

Asp

Phe

Lys

Cys

Thr

Gly

Phe

Cys

Ala

Arg

Val

Leu

Glu

Phe

Leu

Arg

Asn

Lys

His

Arg

Cys

Asp

Tyr

Gly

Arg

Ser

Cys

Asp

Leu

Ala

Glu

Asp

Lys

Gly

Thr

Ala

Val

Asp

Asn

Asn

Lys

Lys

Arg

Gly

Val

Val

Tyr

Leu

Gln

Asp

Ala

Leu

Val

Asn

Ser

Pro

Ala

Gly

Gly

Ser

Thr

Val
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Ala

Leu

Gln

Asp

Gln

Asp

Ser

Tyr

Met

Glu

Arg

Arg

Ile

Ser

Asp

Ser

Cys

Thr

Ala

Pro

Arg

Ala

Asp

Phe

Ala
1430

Leu
1445

Ser
1460

Val
1475

Glu
1490

Val
1505

Leu
1520

Ser
1535

Ala
1550

Gln
1565

Ser
1580

Thr
1595

Ala
1610

Ser
1625

Lys
1640

Val
1655

Arg
1670

Ser
1685

Asp
1700

Ala
1715

Asp
1730

Ile
1745

Ala
1760

Pro
1775

Phe
1790

Gly
1805

Glu

Ser

Leu

Thr

Ala

Glu

Val

Tyr

Glu

Ile

Lys

Val

Arg

Phe

Cys

Ser

Ser

Thr

Ile

Asp

Val

Pro

Ala

Arg

Asp

Asp

Val

Thr

Asn

Ile

Ile

Leu

Gly

Phe

Ile

Cys

Cys

Pro

Leu

Pro

Glu

Pro

Leu

Ala

Asp

Val

His

Pro

Glu

Thr

Glu

Phe

Asn

Gly

His

Tyr

Asp

Thr

Arg

Glu

Leu

Leu

Pro

Cys

Arg

Leu

Lys

Arg

Arg

Ser

Ser

His

Pro

Pro

Arg

Ala

His

Asp

Arg

Val

Leu

Cys

Met

Thr

Lys

Gly

Thr

Tyr

Val

Leu

Ser

Pro

Val

Lys

Gly

Asp

Ile

Pro

Glu

Arg

Pro

Phe

Glu

Asp

Leu
1435

Phe
1450

Phe
1465

Arg
1480

Arg
1495

Asp
1510

Gly
1525

Thr
1540

Leu
1555

Ala
1570

Asn
1585

Cys
1600
His
1615

Lys
1630

Leu
1645

Tyr
1660

Phe
1675

Thr
1690

Tyr
1705

Glu
1720

Pro
1735

Pro
1750

Val
1765

Arg
1780

Val
1795

Val
1810

Ser

Ser

Thr

Asp

Thr

Leu

Tyr

Lys

Trp

Leu

Asp

Arg

Gln

Tyr

Leu

Ala

Asp

Met

Glu

Pro

Ala

Lys

Pro

Asn

Asp

Leu

Leu

Gly

Ala

Lys

Ala

Val

Ser

Phe

Pro

Gly

Ser

Tyr

Val

His

Phe

Ala

Leu

Ser

Pro

Ala

Asp

Arg

Ala

Lys

Ala

Arg

Ser

Gly

Met

Ser

Val

Arg

Thr

Asn

Arg

Glu

Asp

Ala

Lys

Val

Asp

Ser

Asp

Leu

Met

Gly

His

Ala

Pro

Leu

Leu

Leu

Ser

Arg

Asp

Trp

Glu

Val

Thr

Gln

Leu

Thr

Ser

Met

Ser

Asp

Pro

Thr

Trp

Pro

Ala

Ile

Val

Ala

Arg

Pro

Ala

Gly

Val
1440

Asp
1455

Ala
1470

Glu
1485

Leu
1500
His
1515

Asp
1530

Ala
1545

Gln
1560

Met
1575

Ser
1590

Thr
1605

Met
1620

Gly
1635

Thr
1650

Thr
1665

Thr
1680

Ser
1695

Pro
1710

Ala
1725

Asp
1740

Tyr
1755

Lys
1770

Leu
1785

Ser
1800

Arg
1815

Ala

Arg

Thr

Lys

Leu

Pro

Gly

Ala

Glu

Asp

Thr

Ala

Val

Val

Val

Asp

Thr

Leu

Ile

Asp

Leu

Leu

Pro

Thr

Gly

Ala

Ile

Leu

Asp

Lys

Asn

Asp

Ser

Ile

Ala

Asn

Pro

Glu

Val

Gln

Pro

His

Asp

Gln

Val

Leu

Glu

Ala

Thr

Phe

Ile

Gly

Pro

Gln

Ala

Ile

Asp

Ser

Leu

Asp

Asn

Ile

Pro

Arg

Cys

Lys

Ser

Ser

Ser

Ser

Val

Ala

Asn

Ser

Pro

Gly

Thr

Ala
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Tyr

Ser

Glu

Lys

Lys

Ala

Met

Pro

Pro

Gln

Gln

Glu

Tyr

Tyr

Lys

Phe

Lys

Glu

Phe

Phe

Asp

Leu

Ile
1820

Val
1835

Glu
1850

Leu
1865

Ser
1880

Val
1895

Val
1910

Tyr
1925

Ile
1940

Ala
1955

Val
1970

Ala
1985

Thr
2000

Asn
2015

Met
2030

Cys
2045

Ala
2060

Val
2075

Thr
2090

Thr
2105

His
2120

Pro
2135

Arg
2150

Asp
2165

His
2180

Lys
2195

Glu

Phe

Arg

Glu

Leu

Arg

Asp

Gly

Ser

Ala

Ser

Asp

Lys

Val

Val

Arg

Phe

Lys

Thr

Val

Thr

Leu

Arg

Met

Pro

Ser

Asp

Ser

Gln

Lys

Leu

Tyr

Arg

Arg

Pro

Ala

Tyr

Gly

Leu

Arg

Leu

Glu

Lys

Gln

Lys

Asn

Asp

Glu

Ala

Leu

Ser

Gly

Gln

Leu

Ser

His

Met

Leu

Gln

Leu

Ile

Thr

Cys

Gln

Ser

Arg

Ser

Ala

Leu

Arg

Pro

Leu

Leu

Met

Glu

Thr

Asn

Ala

Asp

Asp

Gly

Asp

Asn

Tyr

Lys

Ser

Thr

Pro

Val

Asn

Ile

Asp

Cys

Ala

Ala

Pro

Tyr

Ile

Lys

Val

Lys

Arg

Ala

Ala

Glu

Pro

Asp

Val

Thr
1825

Leu
1840

Pro
1855

Met
1870

Arg
1885

Ser
1900

Thr
1915

Ile
1930

Glu
1945

Thr
1960

Ser
1975

Tyr
1990

Val
2005

Ala
2020

Thr
2035

Ala
2050

Arg
2065

Gly
2080

Pro
2095

Arg
2110

Pro
2125

Tyr
2140

Val
2155

Asp
2170

Val
2185

Ser
2200

Asp

Gly

Gln

Pro

Gln

Lys

Gly

Tyr

Glu

Tyr

Asp

Cys

Pro

Pro

Thr

Met

Cys

Ile

Pro

Leu

Asp

Lys

Leu

Leu

Phe

Leu

Leu

Gln

Ser

Cys

Lys

Met

Val

Ala

Ala

Arg

Leu

Glu

Leu

Lys

Ser

Lys

Asp

Ser

Thr

Lys

Gln

Val

Val

Cys

Arg

Asp

Glu

Ala

Tyr

Gly

Ala

Leu

His

Glu

Arg

Val

Phe

Ser

Tyr

Asp

His

Pro

Arg

Ser

Gly

Thr

Ala

Glu

Lys

Gln

Gly

Pro

Ala

Thr

Leu

Leu

His

Gln

Asp

Pro

Asn

Leu

Arg

Ser

Arg

Asp

Arg

His

Phe

Asn

Ala

Glu

Glu

Ala

Val

Val

Val

Ile

Asn

Ile

Asp

Thr

Leu

Leu
1830

Leu
1845

Thr
1860

Ser
1875

Met
1890

Tyr
1905

Tyr
1920

Ser
1935

Asn
1950

Ala
1965

Ala
1980

Ala
1995

Gln
2010

Cys
2025

Val
2040

Tyr
2055

Asn
2070

Ala
2085

Pro
2100

Thr
2115

Ile
2130

His
2145

Val
2160

Ile
2175

Ile
2190

Gly
2205

Asp

Gln Gln Lys

Asp

Glu

Glu

Lys

Thr

Pro

Pro

Tyr

Tyr

Thr

Tyr

Asn

Asn

Phe

Trp

Ile

Leu

Met

Pro

Gln

Arg

His

Ala

Ala

Leu

Leu

Ala

Arg

Ala

Ala

Gly

Arg

Asp

Pro

Leu

Phe

His

Thr

Val

Asn

Glu

Thr

Phe

Asp

Gly

Ala

Glu

Thr

Ser

Ser

Met

Ile

Val

Glu

Asn

Thr

Ala

Pro

Val

Thr

Asp

Cys

Gln

Leu

Thr

Val

Glu

Thr

Ala

Arg

Thr

Ala

Leu

Leu

His

Phe

Ile

Glu
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2210 2215 2220

Ala Ala Phe Gly Glu Ile Ser Ser Cys His Leu Pro Thr Gly Thr
2225 2230 2235

Arg Phe Lys Phe Gly Ala Met Met Lys Ser Gly Met Phe Leu Thr
2240 2245 2250

Leu Phe 1Ile Asn Thr Val Leu Asn Ile Thr Ile Ala Ser Arg Val
2255 2260 2265

Leu Glu Gln Arg Leu Thr Asp Ser Ala Cys Ala Ala Phe Ile Gly
2270 2275 2280

Asp Asp Asn Ile Val His Gly Val Ile Ser Asp Lys Leu Met Ala
2285 2290 2295

Glu Arg Cys Ala Ser Trp Val 2Asn Met Glu Val Lys Ile Ile Asp
2300 2305 2310

Ala Val Met Gly Glu Lys Pro Pro Tyr Phe Cys Gly Gly Phe Ile
2315 2320 2325

Val Phe Asp Ser Val Thr Gln Thr Ala Cys Arg Val Ser Asp Pro
2330 2335 2340

Leu Lys Arg Leu Phe Lys Leu Gly Lys Pro Leu Thr Ala Glu Asp
2345 2350 2355

Lys Gln Asp Glu Asp Arg Arg Arg Ala Leu Ser Asp Glu Val Ser
2360 2365 2370

Lys Trp Phe Arg Thr Gly Leu Gly Ala Glu Leu Glu Val Ala Leu
2375 2380 2385

Thr Ser Arg Tyr Glu Val Glu Gly Cys Lys Ser Ile Leu Ile Ala
2390 2395 2400

Met Ala Thr Leu Ala Arg Asp Ile Lys Ala Phe Lys Lys Leu Arg
2405 2410 2415

Gly Pro Val Ile His Leu Tyr Gly Gly Pro Arg Leu Val Arg
2420 2425 2430

<210> SEQ ID NO 2

<211> LENGTH: 2432

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence of the SFV replicase with
the RDR mutation in positions 1185-1187

<400> SEQUENCE: 2

Met Ala Ala Lys Val His Val Asp Ile Glu Ala Asp Ser Pro Phe Ile
1 5 10 15

Lys Ser Leu Gln Lys Ala Phe Pro Ser Phe Glu Val Glu Ser Leu Gln
20 25 30

Val Thr Pro Asn Asp His Ala Asn Ala Arg Ala Phe Ser His Leu Ala
35 40 45

Thr Lys Leu Ile Glu Gln Glu Thr Asp Lys Asp Thr Leu Ile Leu Asp
50 55 60

Ile Gly Ser Ala Pro Ser Arg Arg Met Met Ser Thr His Lys Tyr His
65 70 75 80

Cys Val Cys Pro Met Arg Ser Ala Glu Asp Pro Glu Arg Leu Val Cys
85 90 95

Tyr Ala Lys Lys Leu Ala Ala Ala Ser Gly Lys Val Leu Asp Arg Glu
100 105 110

Ile Ala Gly Lys Ile Thr Asp Leu Gln Thr Val Met Ala Thr Pro Asp
115 120 125
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Ala

Ala

145

Thr

Ile

Tyr

Arg

Lys

225

Met

Arg

Phe

Lys

Ala

305

Thr

Ser

Pro

Leu

385

Ala

Thr

Tyr

Asn

465

Leu

Glu

Leu

Glu

Ser

Glu

130

Ala

Ser

Gly

Pro

Asn

210

Leu

Phe

Ser

Thr

Lys

290

Val

Val

Thr

Glu

Asn

370

Pro

Asp

Cys

Lys

Ser

450

Arg

Ile

Lys

Val

Glu
530

Ala

Ser

Glu

Leu

Phe

Thr

195

Ile

Ser

Ser

Trp

Cys

275

Ile

Thr

Lys

Ile

Asp

355

Gly

Ile

Leu

Cys

Lys

435

Phe

Ser

Pro

Glu

Pro
515

Leu

Leu

Pro

Val

Tyr

Asp

180

Tyr

Gly

Ile

Val

His

260

Arg

Thr

Tyr

Gly

Cys

340

Ala

Arg

Val

Asp

Cys

420

Pro

Val

Arg

Val

Arg
500
Ile

Glu

Lys

Thr

Ala

His

165

Thr

Ala

Leu

Leu

Gly

245

Leu

Cys

Met

His

Glu

325

Asp

Gln

Thr

Ala

Asp

405

Leu

Asp

Ile

Ile

Leu

485

Leu

Ala

Tyr

Val

Phe

Val

150

Gln

Thr

Thr

Cys

Arg

230

Ser

Pro

Asp

Cys

Ala

310

Arg

Gln

Lys

Gln

Val

390

Glu

Trp

Thr

Pro

Lys

470

Asp

Glu

Pro

His

Thr

Cys

135

Tyr

Ala

Pro

Asn

Ala

215

Lys

Thr

Ser

Thr

Pro

295

Glu

Val

Met

Leu

Arg

375

Ala

Lys

Ala

Gln

Ser

455

Met

Ala

Ala

Ala

Ala
535

Ala

Leu

Gln

Met

Phe

Trp

200

Ala

Lys

Leu

Val

Ile

280

Gly

Gly

Ser

Thr

Leu

360

Asn

Phe

Pro

Phe

Thr

440

Leu

Leu

Ser

Glu

Glu
520

Gly

Gln

His

Asp

Lys

Met

185

Ala

Ser

Gln

Tyr

Phe

265

Val

Leu

Phe

Phe

Gly

345

Val

Thr

Ser

Leu

Lys

425

Ile

Trp

Leu

Ser

Leu
505
Thr

Ala

Pro

Thr

Val

Gly

170

Phe

Asp

Leu

Leu

Thr

250

His

Ser

Tyr

Leu

Pro

330

Ile

Gly

Asn

Lys

Gly

410

Thr

Val

Ser

Ala

Ala

490

Thr

Gly

Gly

Asn

Asp

Tyr

155

Val

Asp

Glu

Thr

Lys

235

Glu

Leu

Cys

Gly

Val

315

Val

Leu

Leu

Thr

Trp

395

Val

Arg

Lys

Thr

Lys

475

Arg

Arg

Val

Val

Asp

Val

140

Ala

Arg

Ala

Gln

Glu

220

Pro

Ser

Lys

Glu

Lys

300

Cys

Cys

Ala

Asn

Met

380

Ala

Arg

Lys

Val

Gly

460

Lys

Asp

Glu

Val

Val
540

Val

Thr

Val

Thr

Leu

Val

205

Gly

Cys

Arg

Gly

Gly

285

Thr

Lys

Thr

Thr

Gln

365

Lys

Arg

Glu

Met

Pro

445

Leu

Thr

Ala

Ala

Asp
525

Glu

Leu

Cys

His

Ala

Ala

190

Leu

Arg

Asp

Lys

Lys

270

Tyr

Val

Thr

Tyr

Asp

350

Arg

Asn

Glu

Arg

His

430

Ser

Ala

Lys

Glu

Leu

510

Val

Thr

Leu

Arg

Ala

Tyr

175

Gly

Gln

Leu

Thr

Leu

255

Gln

Val

Gly

Thr

Val

335

Val

Ile

Tyr

Tyr

Ser

415

Thr

Glu

Ile

Arg

Gln

495

Pro

Asp

Pro

Gly

Thr

Pro

160

Trp

Ala

Ala

Gly

Val

240

Leu

Ser

Val

Tyr

Asp

320

Pro

Thr

Val

Leu

Lys

400

Leu

Met

Phe

Pro

Glu

480

Glu

Pro

Val

Arg

Asn
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545

Tyr

Pro

Arg

Pro

Ser

625

Tyr

Tyr

Leu

Gly
705

Glu

Lys

Ile

785

Ala

Asp

Phe

Arg

Gly

865

Thr

Phe

Ala

Glu
945

Lys

Val

Val

Ala

Cys

610

Ala

His

Glu

Asp

Val

690

Leu

Phe

Thr

Ile

Thr

770

Leu

Leu

Pro

Asn

Cys

850

Lys

Thr

Arg

Met

Val
930

His

Thr

Val

His

Gly

595

Gly

Thr

Ile

Lys

Lys

675

Gly

Lys

Gly

Lys

Val

755

Val

Tyr

Ile

Lys

His

835

Thr

Met

Gly

Gly

Thr
915
Arg

Val

Leu

Leu

Pro

580

Arg

Ser

Met

Ala

Val

660

Lys

Glu

Ile

Val

His

740

Asn

Asp

Val

Ala

Gln

820

Asn

Arg

Arg

Gln

Trp

900

Ala

Gln

Asn

Ala

Ser

565

Leu

Tyr

Ala

Val

Val

645

Arg

Cys

Leu

Arg

Pro

725

Asp

Asp

Ser

Asp

Leu

805

Cys

Ile

Pro

Thr

Thr

885

Val

Ala

Lys

Val

Gly
965

550

Pro

Ala

Gln

Ile

Tyr

630

His

Ala

Cys

Thr

Pro

710

Gly

Leu

Val

Ile

Glu

790

Val

Gly

Cys

Val

Thr

870

Lys

Lys

Ala

Val

Leu
950

Asp

Gln

Glu

Val

Pro

615

Asn

Gly

Glu

Val

Asn

695

Ser

Ser

Val

Lys

Leu

775

Ala

Lys

Phe

Thr

Thr

855

Asn

Pro

Gln

Ser

Asn
935

Leu

Pro

Thr

Gln

Asp

600

Val

Glu

Pro

Arg

Lys

680

Pro

Ala

Gly

Thr

Lys

760

Leu

Phe

Pro

Phe

Glu

840

Ala

Pro

Lys

Leu

Gln
920
Glu

Thr

Trp

Val

Val

585

Gly

Pro

Arg

Ser

Thr

665

Arg

Pro

Pro

Lys

Ser

745

His

Asn

Ala

Arg

Asn

825

Val

Ile

Cys

Pro

Gln

905

Gly

Asn

Arg

Ile

Leu

570

Lys

Tyr

Glu

Glu

Leu

650

Asp

Glu

Phe

Tyr

Ser

730

Gly

Arg

Gly

Cys

Ser

810

Met

Cys

Val

Asn

Gly

890

Leu

Leu

Pro

Thr

Lys
970

555

Lys

Ile

Asp

Phe

Phe

635

Asn

Ala

Glu

His

Lys

715

Ala

Lys

Gly

Cys

His

795

Lys

Met

His

Ser

Lys

875

Asp

Asp

Thr

Leu

Glu
955

Val

Ser

Ile

Gly

Gln

620

Val

Thr

Glu

Ala

Glu

700

Thr

Ile

Lys

Leu

Arg

780

Ser

Val

Gln

Lys

Thr

860

Pro

Ile

Tyr

Arg

Tyr

940

Asp

Leu

Ser

Thr

Arg

605

Ala

Asn

Asp

Tyr

Ser

685

Phe

Thr

Ile

Glu

Asp

765

Arg

Gly

Val

Leu

Ser

845

Leu

Ile

Val

Arg

Lys

925

Ala

Arg

Ser

Lys

His

590

Val

Leu

Arg

Glu

Val

670

Gly

Ala

Val

Lys

Asn

750

Ile

Ala

Thr

Leu

Lys

830

Ile

His

Ile

Leu

Gly

910

Gly

Pro

Leu

Asn

Leu

575

Asn

Leu

Ser

Lys

Glu

655

Phe

Leu

Tyr

Val

Ser

735

Cys

Gln

Val

Leu

Cys

815

Val

Ser

Tyr

Ile

Thr

895

His

Val

Ala

Val

Ile
975

560

Ala

Gly

Leu

Glu

Leu

640

Asn

Asp

Val

Glu

Gly

720

Leu

Gln

Ala

Asp

Leu

800

Gly

Asn

Arg

Gly

Asp

880

Cys

Glu

Tyr

Ser

Trp
960

Pro
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Gln Gly Asn Phe Thr Ala Thr Leu Glu Glu Trp Gln Glu Glu His Asp
980 985 990

Lys Ile Met Lys Val Ile Glu Gly Pro Ala Ala Pro Val Asp Ala Phe
995 1000 1005

Gln Asn Lys Ala Asn Val Cys Trp Ala Lys Ser Leu Val Pro Val
1010 1015 1020

Leu Asp Thr Ala Gly Ile Arg Leu Thr Ala Glu Glu Trp Ser Thr
1025 1030 1035

Ile Ile Thr Ala Phe Lys Glu Asp Arg Ala Tyr Ser Pro Val Val
1040 1045 1050

Ala Leu Asn Glu Ile Cys Thr Lys Tyr Tyr Gly Val Asp Leu Asp
1055 1060 1065

Ser Gly Leu Phe Ser Ala Pro Lys Val Ser Leu Tyr Tyr Glu Asn
1070 1075 1080

Asn His Trp Asp Asn Arg Pro Gly Gly Arg Met Tyr Gly Phe Asn
1085 1090 1095

Ala Ala Thr Ala Ala Arg Leu Glu Ala Arg His Thr Phe Leu Lys
1100 1105 1110

Gly Gln Trp His Thr Gly Lys Gln Ala Val Ile Ala Glu Arg Lys
1115 1120 1125

Ile Gln Pro Leu Ser Val Leu Asp Asn Val Ile Pro Ile Asn Arg
1130 1135 1140

Arg Leu Pro His Ala Leu Val Ala Glu Tyr Lys Thr Val Lys Gly
1145 1150 1155

Ser Arg Val Glu Trp Leu Val Asn Lys Val Arg Gly Tyr His Val
1160 1165 1170

Leu Leu Val Ser Glu Tyr Asn Leu Ala Leu Pro Arg Asp Arg Val
1175 1180 1185

Thr Trp Leu Ser Pro Leu Asn Val Thr Gly Ala Asp Arg Cys Tyr
1190 1195 1200

Asp Leu Ser Leu Gly Leu Pro Ala Asp Ala Gly Arg Phe Asp Leu
1205 1210 1215

Val Phe Val Asn Ile His Thr Glu Phe Arg Ile His His Tyr Gln
1220 1225 1230

Gln Cys Val Asp His Ala Met Lys Leu Gln Met Leu Gly Gly Asp
1235 1240 1245

Ala Leu Arg Leu Leu Lys Pro Gly Gly Ser Leu Leu Met Arg Ala
1250 1255 1260

Tyr Gly Tyr Ala Asp Lys Ile Ser Glu Ala Val Val Ser Ser Leu
1265 1270 1275

Ser Arg Lys Phe Ser Ser Ala Arg Val Leu Arg Pro Asp Cys Val
1280 1285 1290

Thr Ser Asn Thr Glu Val Phe Leu Leu Phe Ser Asn Phe Asp Asn
1295 1300 1305

Gly Lys Arg Pro Ser Thr Leu His Gln Met Asn Thr Lys Leu Ser
1310 1315 1320

Ala Val Tyr Ala Gly Glu Ala Met His Thr Ala Gly Cys Ala Pro
1325 1330 1335

Ser Tyr Arg Val Lys Arg Ala Asp Ile Ala Thr Cys Thr Glu Ala
1340 1345 1350

Ala Val Val Asn Ala Ala Asn Ala Arg Gly Thr Val Gly Asp Gly
1355 1360 1365
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Glu

Tyr

Glu

Ala

Leu

Gln

Asp

Gln

Asp

Ser

Tyr

Met

Glu

Arg

Arg

Ile

Ser

Asp

Ser

Cys

Thr

Ala

Pro

Arg

Cys
1370

Ala
1385

Pro
1400

Ala
1415

Ala
1430

Leu
1445

Ser
1460

Val
1475

Glu
1490

Val
1505

Leu
1520

Ser
1535

Ala
1550

Gln
1565

Ser
1580

Thr
1595

Ala
1610

Ser
1625

Lys
1640

Val
1655

Arg
1670

Ser
1685

Asp
1700

Ala
1715

Asp
1730

Ile
1745

Ala

Arg

Thr

Val

Glu

Glu

Ser

Leu

Thr

Ala

Glu

Val

Tyr

Glu

Ile

Lys

Val

Arg

Phe

Cys

Ser

Ser

Thr

Ile

Asp

Val

Pro

Ala

Ala

Pro

Ile

Gly

Val

Thr

Asn

Ile

Ile

Leu

Gly

Phe

Ile

Cys

Cys

Pro

Leu

Pro

Glu

Pro

Leu

Ala

Asp

Val

His

Pro

Glu

Val

Val

His

Asp

Asn

Gly

His

Tyr

Asp

Thr

Arg

Glu

Leu

Leu

Pro

Cys

Arg

Leu

Lys

Arg

Arg

Ser

Ser

His

Pro

Pro

Arg

Ala

Gly

Ala

Arg

Arg

Val

Leu

Cys

Met

Thr

Lys

Gly

Thr

Tyr

Val

Leu

Ser

Pro

Val

Lys

Gly

Asp

Ile

Pro

Glu

Arg

Pro

Lys
1375

Thr
1390

Val
1405

Glu
1420

Leu
1435

Phe
1450

Phe
1465

Arg
1480

Arg
1495

Asp
1510

Gly
1525

Thr
1540

Leu
1555

Ala
1570

Asn
1585

Cys
1600

His
1615

Lys
1630

Leu
1645

Tyr
1660

Phe
1675

Thr
1690

Tyr
1705

Glu
1720

Pro
1735

Pro
1750

Val

Lys

Ile

Ala

Leu

Ser

Ser

Thr

Asp

Thr

Leu

Tyr

Lys

Trp

Leu

Asp

Arg

Gln

Tyr

Leu

Ala

Asp

Met

Glu

Pro

Ala

Lys

Pro

Trp

Lys

Pro

Ala

Leu

Gly

Ala

Lys

Ala

Val

Ser

Phe

Pro

Gly

Ser

Tyr

Val

His

Phe

Ala

Leu

Ser

Pro

Ala

Asp

Arg

Ala

Pro

Thr

Asn

Ala

Ser

Gly

Met

Ser

Val

Arg

Thr

Asn

Arg

Glu

Asp

Ala

Lys

Val

Asp

Ser

Asp

Leu

Met

Gly

His

Ala

Pro

Ser

Val

Phe

Val

Ser

Arg

Asp

Trp

Glu

Val

Thr

Gln

Leu

Thr

Ser

Met

Ser

Asp

Pro

Thr

Trp

Pro

Ala

Ile

Val

Ala

Arg

Ala
1380

Met
1395

Ser
1410

Tyr
1425

Val
1440

Asp
1455

Ala
1470

Glu
1485

Leu
1500

His
1515

Asp
1530

Ala
1545

Gln
1560

Met
1575

Ser
1590

Thr
1605

Met
1620

Gly
1635

Thr
1650

Thr
1665

Thr
1680

Ser
1695

Pro
1710

Ala
1725

Asp
1740

Tyr
1755

Lys

Phe Lys Gly

Cys

Ala

Arg

Ala

Arg

Thr

Lys

Leu

Pro

Gly

Ala

Glu

Asp

Thr

Ala

Val

Val

Val

Asp

Thr

Leu

Ile

Asp

Leu

Leu

Pro

Gly

Thr

Ala

Ile

Leu

Asp

Lys

Asn

Asp

Ser

Ile

Ala

Asn

Pro

Glu

Val

Gln

Pro

His

Asp

Gln

Val

Leu

Glu

Ala

Thr

Ser

Thr

Val

Pro

Gln

Ala

Ile

Asp

Ser

Leu

Asp

Asn

Ile

Pro

Arg

Cys

Lys

Ser

Ser

Ser

Ser

Val

Ala

Asn

Ser

Pro
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Ala

Asp

Phe

Tyr

Ser

Glu

Lys

Lys

Ala

Met

Pro

Pro

Gln

Gln

Glu

Tyr

Tyr

Lys

Phe

Lys

Glu

1760

Pro
1775

Phe
1790

Gly
1805

Ile
1820

Val
1835

Glu
1850

Leu
1865

Ser
1880

Val
1895

Val
1910

Tyr
1925

Ile
1940

Ala
1955

Val
1970

Ala
1985

Thr
2000

Asn
2015

Met
2030

Cys
2045

Ala
2060

Val
2075

Thr
2090

Thr
2105
His
2120

Pro
2135

Arg
2150

Arg

Asp

Asp

Phe

Arg

Glu

Leu

Arg

Asp

Gly

Ser

Ala

Ser

Asp

Lys

Val

Val

Arg

Phe

Lys

Thr

Val

Thr

Leu

Arg

Thr

Glu

Phe

Ser

Gln

Lys

Leu

Tyr

Arg

Arg

Pro

Ala

Tyr

Gly

Leu

Arg

Leu

Glu

Lys

Gln

Lys

Asn

Asp

Glu

Ala

Leu

Ala

His

Asp

Ser

His

Met

Leu

Gln

Leu

Ile

Thr

Cys

Gln

Ser

Arg

Ser

Ala

Leu

Arg

Pro

Leu

Leu

Met

Glu

Thr

Asn

Phe

Glu

Asp

Asp

Asn

Tyr

Lys

Ser

Thr

Pro

Val

Asn

Ile

Asp

Cys

Ala

Ala

Pro

Tyr

Ile

Lys

Val

Lys

Arg

Ala

Ala

1765

Arg
1780

Val
1795

Val
1810

Thr
1825

Leu
1840

Pro
1855

Met
1870

Arg
1885

Ser
1900

Thr
1915

Ile
1930

Glu
1945

Thr
1960

Ser
1975

Tyr
1990

Val
2005

Ala
2020

Thr
2035

Ala
2050

Arg
2065

Gly
2080

Pro
2095

Arg
2110

Pro
2125

Tyr
2140

Val
2155

Asn

Asp

Leu

Gly

Gln

Pro

Gln

Lys

Gly

Tyr

Glu

Tyr

Asp

Cys

Pro

Pro

Thr

Met

Cys

Ile

Pro

Leu

Asp

Lys

Leu

Leu

Lys

Ala

Arg

Ser

Cys

Lys

Met

Val

Ala

Ala

Arg

Leu

Glu

Leu

Lys

Ser

Lys

Asp

Ser

Thr

Lys

Gln

Val

Val

Cys

Arg

Leu

Leu

Leu

Gly

Ala

Leu

His

Glu

Arg

Val

Phe

Ser

Tyr

Asp

His

Pro

Arg

Ser

Gly

Thr

Ala

Glu

Lys

Gln

Gly

Pro

Pro

Ala

Gly

His

Gln

Asp

Pro

Asn

Leu

Arg

Ser

Arg

Asp

Arg

His

Phe

Asn

Ala

Glu

Glu

Ala

Val

Val

Val

Ile

Asn

1770

Leu
1785

Ser
1800

Arg
1815

Leu
1830

Leu
1845

Thr
1860

Ser
1875

Met
1890

Tyr
1905

Tyr
1920

Ser
1935

Asn
1950

Ala
1965

Ala
1980

Ala
1995

Gln
2010

Cys
2025

Val
2040

Tyr
2055

Asn
2070

Ala
2085

Pro
2100

Thr
2115

Ile
2130
His
2145

Val
2160

Thr

Gly

Ala

Gln

Asp

Glu

Glu

Lys

Thr

Pro

Pro

Tyr

Tyr

Thr

Tyr

Asn

Asn

Phe

Trp

Ile

Leu

Met

Pro

Gln

Arg

His

Phe

Ile

Gly

Gln

Ala

Arg

Ala

Ala

Gly

Arg

Asp

Pro

Leu

Phe

His

Thr

Val

Asn

Glu

Thr

Phe

Asp

Gly

Ala

Glu

Thr

Gly

Thr

Ala

Lys

Val

Glu

Asn

Thr

Ala

Pro

Val

Thr

Asp

Cys

Gln

Leu

Thr

Val

Glu

Thr

Ala

Arg

Thr

Ala

Leu

Leu
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Phe Asp Met Ser Ala Glu Asp Phe Asp Ala Ile Ile Ala Ser His
2165 2170 2175
Phe His Pro Gly Asp Pro Val Leu Glu Thr Asp Ile Ala Ser Phe
2180 2185 2190
Asp Lys Ser Gln Asp Asp Ser Leu Ala Leu Thr Gly Leu Met Ile
2195 2200 2205
Leu Glu Asp Leu Gly Val Asp Gln Tyr Leu Leu Asp Leu Ile Glu
2210 2215 2220
Ala Ala Phe Gly Glu Ile Ser Ser Cys His Leu Pro Thr Gly Thr
2225 2230 2235
Arg Phe Lys Phe Gly Ala Met Met Lys Ser Gly Met Phe Leu Thr
2240 2245 2250
Leu Phe 1Ile Asn Thr Val Leu Asn Ile Thr Ile Ala Ser Arg Val
2255 2260 2265
Leu Glu Gln Arg Leu Thr Asp Ser Ala Cys Ala Ala Phe Ile Gly
2270 2275 2280
Asp Asp Asn Ile Val His Gly Val Ile Ser Asp Lys Leu Met Ala
2285 2290 2295
Glu Arg Cys Ala Ser Trp Val 2Asn Met Glu Val Lys Ile Ile Asp
2300 2305 2310
Ala Val Met Gly Glu Lys Pro Pro Tyr Phe Cys Gly Gly Phe Ile
2315 2320 2325
Val Phe Asp Ser Val Thr Gln Thr Ala Cys Arg Val Ser Asp Pro
2330 2335 2340
Leu Lys Arg Leu Phe Lys Leu Gly Lys Pro Leu Thr Ala Glu Asp
2345 2350 2355
Lys Gln Asp Glu Asp Arg Arg Arg Ala Leu Ser Asp Glu Val Ser
2360 2365 2370
Lys Trp Phe Arg Thr Gly Leu Gly Ala Glu Leu Glu Val Ala Leu
2375 2380 2385
Thr Ser Arg Tyr Glu Val Glu Gly Cys Lys Ser Ile Leu Ile Ala
2390 2395 2400
Met Ala Thr Leu Ala Arg Asp Ile Lys Ala Phe Lys Lys Leu Arg
2405 2410 2415
Gly Pro Val Ile His Leu Tyr Gly Gly Pro Arg Leu Val Arg
2420 2425 2430
<210> SEQ ID NO 3
<211> LENGTH: 2432
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Amino acid sequence of the SFV replicase with
the AAA mutation in positions 1185-1187
<400> SEQUENCE: 3
Met Ala Ala Lys Val His Val Asp Ile Glu Ala Asp Ser Pro Phe Ile
1 5 10 15
Lys Ser Leu Gln Lys Ala Phe Pro Ser Phe Glu Val Glu Ser Leu Gln
20 25 30
Val Thr Pro Asn Asp His Ala Asn Ala Arg Ala Phe Ser His Leu Ala
35 40 45
Thr Lys Leu Ile Glu Gln Glu Thr Asp Lys Asp Thr Leu Ile Leu Asp
50 55 60
Ile Gly Ser Ala Pro Ser Arg Arg Met Met Ser Thr His Lys Tyr His
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65

Cys

Tyr

Ile

Ala

Ala

145

Thr

Ile

Tyr

Arg

Lys

225

Met

Arg

Phe

Lys

Ala

305

Thr

Ser

Pro

Leu

385

Ala

Thr

Tyr

Asn

465

Leu

Val

Ala

Ala

Glu

130

Ala

Ser

Gly

Pro

Asn

210

Leu

Phe

Ser

Thr

Lys

290

Val

Val

Thr

Glu

Asn

370

Pro

Asp

Cys

Lys

Ser
450

Arg

Ile

Cys

Lys

Gly

115

Ser

Glu

Leu

Phe

Thr

195

Ile

Ser

Ser

Trp

Cys

275

Ile

Thr

Lys

Ile

Asp

355

Gly

Ile

Leu

Cys

Lys

435

Phe

Ser

Pro

Pro

Lys

100

Lys

Pro

Val

Tyr

Asp

180

Tyr

Gly

Ile

Val

His

260

Arg

Thr

Tyr

Gly

Cys

340

Ala

Arg

Val

Asp

Cys

420

Pro

Val

Arg

Val

Met

85

Leu

Ile

Thr

Ala

His

165

Thr

Ala

Leu

Leu

Gly

245

Leu

Cys

Met

His

Glu

325

Asp

Gln

Thr

Ala

Asp

405

Leu

Asp

Ile

Ile

Leu
485

70

Arg

Ala

Thr

Phe

Val

150

Gln

Thr

Thr

Cys

Arg

230

Ser

Pro

Asp

Cys

Ala

310

Arg

Gln

Lys

Gln

Val

390

Glu

Trp

Thr

Pro

Lys
470

Asp

Ser

Ala

Asp

Cys

135

Tyr

Ala

Pro

Asn

Ala

215

Lys

Thr

Ser

Thr

Pro

295

Glu

Val

Met

Leu

Arg

375

Ala

Lys

Ala

Gln

Ser
455

Met

Ala

Ala

Ala

Leu

120

Leu

Gln

Met

Phe

Trp

200

Ala

Lys

Leu

Val

Ile

280

Gly

Gly

Ser

Thr

Leu

360

Asn

Phe

Pro

Phe

Thr
440
Leu

Leu

Ser

Glu

Ser

105

Gln

His

Asp

Lys

Met

185

Ala

Ser

Gln

Tyr

Phe

265

Val

Leu

Phe

Phe

Gly

345

Val

Thr

Ser

Leu

Lys

425

Ile

Trp

Leu

Ser

Asp

90

Gly

Thr

Thr

Val

Gly

170

Phe

Asp

Leu

Leu

Thr

250

His

Ser

Tyr

Leu

Pro

330

Ile

Gly

Asn

Lys

Gly

410

Thr

Val

Ser

Ala

Ala
490

75

Pro

Lys

Val

Asp

Tyr

155

Val

Asp

Glu

Thr

Lys

235

Glu

Leu

Cys

Gly

Val

315

Val

Leu

Leu

Thr

Trp

395

Val

Arg

Lys

Thr

Lys
475

Arg

Glu

Val

Met

Val

140

Ala

Arg

Ala

Gln

Glu

220

Pro

Ser

Lys

Glu

Lys

300

Cys

Cys

Ala

Asn

Met

380

Ala

Arg

Lys

Val

Gly
460

Lys

Asp

Arg

Leu

Ala

125

Thr

Val

Thr

Leu

Val

205

Gly

Cys

Arg

Gly

Gly

285

Thr

Lys

Thr

Thr

Gln

365

Lys

Arg

Glu

Met

Pro
445
Leu

Thr

Ala

Leu

Asp

110

Thr

Cys

His

Ala

Ala

190

Leu

Arg

Asp

Lys

Lys

270

Tyr

Val

Thr

Tyr

Asp

350

Arg

Asn

Glu

Arg

His

430

Ser

Ala

Lys

Glu

Val

95

Arg

Pro

Arg

Ala

Tyr

175

Gly

Gln

Leu

Thr

Leu

255

Gln

Val

Gly

Thr

Val

335

Val

Ile

Tyr

Tyr

Ser

415

Thr

Glu

Ile

Arg

Gln
495

80

Cys

Glu

Asp

Thr

Pro

160

Trp

Ala

Ala

Gly

Val

240

Leu

Ser

Val

Tyr

Asp

320

Pro

Thr

Val

Leu

Lys

400

Leu

Met

Phe

Pro

Glu
480

Glu
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Glu

Leu

Glu

Ser

545

Tyr

Pro

Arg

Pro

Ser

625

Tyr

Tyr

Leu

Gly
705

Glu

Lys

Ile

785

Ala

Asp

Phe

Arg

Gly

865

Thr

Phe

Lys

Val

Glu

530

Ala

Val

Val

Ala

Cys

610

Ala

His

Glu

Asp

Val

690

Leu

Phe

Thr

Ile

Thr

770

Leu

Leu

Pro

Asn

Cys

850

Lys

Thr

Arg

Glu

Pro

515

Leu

Leu

Val

His

Gly

595

Gly

Thr

Ile

Lys

Lys

675

Gly

Lys

Gly

Lys

Val

755

Val

Tyr

Ile

Lys

His

835

Thr

Met

Gly

Gly

Arg

500

Ile

Glu

Lys

Leu

Pro

580

Arg

Ser

Met

Ala

Val

660

Lys

Glu

Ile

Val

His

740

Asn

Asp

Val

Ala

Gln

820

Asn

Arg

Arg

Gln

Trp
900

Leu

Ala

Tyr

Val

Ser

565

Leu

Tyr

Ala

Val

Val

645

Arg

Cys

Leu

Arg

Pro

725

Asp

Asp

Ser

Asp

Leu

805

Cys

Ile

Pro

Thr

Thr
885

Val

Glu

Pro

His

Thr

550

Pro

Ala

Gln

Ile

Tyr

630

His

Ala

Cys

Thr

Pro

710

Gly

Leu

Val

Ile

Glu

790

Val

Gly

Cys

Val

Thr
870

Lys

Lys

Ala

Ala

Ala

535

Ala

Gln

Glu

Val

Pro

615

Asn

Gly

Glu

Val

Asn

695

Ser

Ser

Val

Lys

Leu

775

Ala

Lys

Phe

Thr

Thr
855
Asn

Pro

Gln

Glu

Glu

520

Gly

Gln

Thr

Gln

Asp

600

Val

Glu

Pro

Arg

Lys

680

Pro

Ala

Gly

Thr

Lys

760

Leu

Phe

Pro

Phe

Glu

840

Ala

Pro

Lys

Leu

Leu

505

Thr

Ala

Pro

Val

Val

585

Gly

Pro

Arg

Ser

Thr

665

Arg

Pro

Pro

Lys

Ser

745

His

Asn

Ala

Arg

Asn

825

Val

Ile

Cys

Pro

Gln
905

Thr

Gly

Gly

Asn

Leu

570

Lys

Tyr

Glu

Glu

Leu

650

Asp

Glu

Phe

Tyr

Ser

730

Gly

Arg

Gly

Cys

Ser

810

Met

Cys

Val

Asn

Gly
890

Leu

Arg

Val

Val

Asp

555

Lys

Ile

Asp

Phe

Phe

635

Asn

Ala

Glu

His

Lys

715

Ala

Lys

Gly

Cys

His

795

Lys

Met

His

Ser

Lys
875

Asp

Asp

Glu

Val

Val

540

Val

Ser

Ile

Gly

Gln

620

Val

Thr

Glu

Ala

Glu

700

Thr

Ile

Lys

Leu

Arg

780

Ser

Val

Gln

Lys

Thr
860
Pro

Ile

Tyr

Ala

Asp

525

Glu

Leu

Ser

Thr

Arg

605

Ala

Asn

Asp

Tyr

Ser

685

Phe

Thr

Ile

Glu

Asp

765

Arg

Gly

Val

Leu

Ser

845

Leu

Ile

Val

Arg

Leu

510

Val

Thr

Leu

Lys

His

590

Val

Leu

Arg

Glu

Val

670

Gly

Ala

Val

Lys

Asn

750

Ile

Ala

Thr

Leu

Lys

830

Ile

His

Ile

Leu

Gly
910

Pro

Asp

Pro

Gly

Leu

575

Asn

Leu

Ser

Lys

Glu

655

Phe

Leu

Tyr

Val

Ser

735

Cys

Gln

Val

Leu

Cys

815

Val

Ser

Tyr

Ile

Thr

895

His

Pro

Val

Arg

Asn

560

Ala

Gly

Leu

Glu

Leu

640

Asn

Asp

Val

Glu

Gly

720

Leu

Gln

Ala

Asp

Leu

800

Gly

Asn

Arg

Gly

Asp

880

Cys

Glu
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Val Met Thr Ala Ala Ala Ser Gln Gly Leu Thr Arg Lys Gly Val Tyr
915 920 925

Ala Val Arg Gln Lys Val Asn Glu Asn Pro Leu Tyr Ala Pro Ala Ser
930 935 940

Glu His Val Asn Val Leu Leu Thr Arg Thr Glu Asp Arg Leu Val Trp
945 950 955 960

Lys Thr Leu Ala Gly Asp Pro Trp Ile Lys Val Leu Ser Asn Ile Pro
965 970 975

Gln Gly Asn Phe Thr Ala Thr Leu Glu Glu Trp Gln Glu Glu His Asp
980 985 990

Lys Ile Met Lys Val Ile Glu Gly Pro Ala Ala Pro Val Asp Ala Phe
995 1000 1005

Gln Asn Lys Ala Asn Val Cys Trp Ala Lys Ser Leu Val Pro Val
1010 1015 1020

Leu Asp Thr Ala Gly Ile Arg Leu Thr Ala Glu Glu Trp Ser Thr
1025 1030 1035

Ile Ile Thr Ala Phe Lys Glu Asp Arg Ala Tyr Ser Pro Val Val
1040 1045 1050

Ala Leu Asn Glu Ile Cys Thr Lys Tyr Tyr Gly Val Asp Leu Asp
1055 1060 1065

Ser Gly Leu Phe Ser Ala Pro Lys Val Ser Leu Tyr Tyr Glu Asn
1070 1075 1080

Asn His Trp Asp Asn Arg Pro Gly Gly Arg Met Tyr Gly Phe Asn
1085 1090 1095

Ala Ala Thr Ala Ala Arg Leu Glu Ala Arg His Thr Phe Leu Lys
1100 1105 1110

Gly Gln Trp His Thr Gly Lys Gln Ala Val Ile Ala Glu Arg Lys
1115 1120 1125

Ile Gln Pro Leu Ser Val Leu Asp Asn Val Ile Pro Ile Asn Arg
1130 1135 1140

Arg Leu Pro His Ala Leu Val Ala Glu Tyr Lys Thr Val Lys Gly
1145 1150 1155

Ser Arg Val Glu Trp Leu Val Asn Lys Val Arg Gly Tyr His Val
1160 1165 1170

Leu Leu Val Ser Glu Tyr Asn Leu Ala Leu Pro Ala Ala Ala Val
1175 1180 1185

Thr Trp Leu Ser Pro Leu Asn Val Thr Gly Ala Asp Arg Cys Tyr
1190 1195 1200

Asp Leu Ser Leu Gly Leu Pro Ala Asp Ala Gly Arg Phe Asp Leu
1205 1210 1215

Val Phe Val Asn Ile His Thr Glu Phe Arg Ile His His Tyr Gln
1220 1225 1230

Gln Cys Val Asp His Ala Met Lys Leu Gln Met Leu Gly Gly Asp
1235 1240 1245

Ala Leu Arg Leu Leu Lys Pro Gly Gly Ser Leu Leu Met Arg Ala
1250 1255 1260

Tyr Gly Tyr Ala Asp Lys Ile Ser Glu Ala Val Val Ser Ser Leu
1265 1270 1275

Ser Arg Lys Phe Ser Ser Ala Arg Val Leu Arg Pro Asp Cys Val
1280 1285 1290

Thr Ser Asn Thr Glu Val Phe Leu Leu Phe Ser Asn Phe Asp Asn
1295 1300 1305

Gly Lys Arg Pro Ser Thr Leu His Gln Met Asn Thr Lys Leu Ser
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Ala

Ser

Ala

Glu

Tyr

Glu

Ala

Leu

Gln

Asp

Gln

Asp

Ser

Tyr

Met

Glu

Arg

Arg

Ile

Ser

Asp

Ser

Cys

1310

Val
1325

Tyr
1340

Val
1355

Cys
1370

Ala
1385

Pro
1400

Ala
1415

Ala
1430

Leu
1445

Ser
1460

Val
1475

Glu
1490

Val
1505

Leu
1520

Ser
1535

Ala
1550

Gln
1565

Ser
1580

Thr
1595

Ala
1610

Ser
1625

Lys
1640

Val
1655

Arg
1670

Ser
1685

Asp
1700

Tyr

Arg

Val

Arg

Thr

Val

Glu

Glu

Ser

Leu

Thr

Ala

Glu

Val

Tyr

Glu

Ile

Lys

Val

Arg

Phe

Cys

Ser

Ser

Thr

Ile

Ala

Val

Asn

Ala

Pro

Ile

Gly

Val

Thr

Asn

Ile

Ile

Leu

Gly

Phe

Ile

Cys

Cys

Pro

Leu

Pro

Glu

Pro

Leu

Ala

Asp

Gly

Lys

Ala

Val

Val

His

Asp

Asn

Gly

His

Tyr

Asp

Thr

Arg

Glu

Leu

Leu

Pro

Cys

Arg

Leu

Lys

Arg

Arg

Ser

Ser

Glu

Arg

Ala

Ala

Gly

Ala

Arg

Arg

Val

Leu

Cys

Met

Thr

Lys

Gly

Thr

Tyr

Val

Leu

Ser

Pro

Val

Lys

Gly

Asp

Ile

1315

Ala
1330

Ala
1345

Asn
1360

Lys
1375

Thr
1390

Val
1405

Glu
1420

Leu
1435

Phe
1450

Phe
1465

Arg
1480

Arg
1495

Asp
1510

Gly
1525

Thr
1540

Leu
1555

Ala
1570

Asn
1585

Cys
1600
His
1615

Lys
1630

Leu
1645

Tyr
1660

Phe
1675

Thr
1690

Tyr
1705

Met

Asp

Ala

Lys

Ile

Ala

Leu

Ser

Ser

Thr

Asp

Thr

Leu

Tyr

Lys

Trp

Leu

Asp

Arg

Gln

Tyr

Leu

Ala

Asp

Met

Glu

His

Ile

Arg

Trp

Lys

Pro

Ala

Leu

Gly

Ala

Lys

Ala

Val

Ser

Phe

Pro

Gly

Ser

Tyr

Val

His

Phe

Ala

Leu

Ser

Pro

Thr

Ala

Gly

Pro

Thr

Asn

Ala

Ser

Gly

Met

Ser

Val

Arg

Thr

Asn

Arg

Glu

Asp

Ala

Lys

Val

Asp

Ser

Asp

Leu

Met

Ala

Thr

Thr

Ser

Val

Phe

Val

Ser

Arg

Asp

Trp

Glu

Val

Thr

Gln

Leu

Thr

Ser

Met

Ser

Asp

Pro

Thr

Trp

Pro

Ala

1320

Gly
1335

Cys
1350

Val
1365

Ala
1380

Met
1395

Ser
1410

Tyr
1425

Val
1440

Asp
1455

Ala
1470

Glu
1485

Leu
1500
His
1515

Asp
1530

Ala
1545

Gln
1560

Met
1575

Ser
1590

Thr
1605

Met
1620

Gly
1635

Thr
1650

Thr
1665

Thr
1680

Ser
1695

Pro
1710

Cys

Thr

Gly

Phe

Cys

Ala

Arg

Ala

Arg

Thr

Lys

Leu

Pro

Gly

Ala

Glu

Asp

Thr

Ala

Val

Val

Val

Asp

Thr

Leu

Ile

Ala

Glu

Asp

Lys

Gly

Thr

Ala

Ile

Leu

Asp

Lys

Asn

Asp

Ser

Ile

Ala

Asn

Pro

Glu

Val

Gln

Pro

His

Asp

Gln

Val

Pro

Ala

Gly

Gly

Ser

Thr

Val

Pro

Gln

Ala

Ile

Asp

Ser

Leu

Asp

Asn

Ile

Pro

Arg

Cys

Lys

Ser

Ser

Ser

Ser

Val
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Thr

Ala

Pro

Arg

Ala

Asp

Phe

Tyr

Ser

Glu

Lys

Lys

Ala

Met

Pro

Pro

Gln

Gln

Glu

Tyr

Tyr

Lys

Ala
1715

Asp
1730

Ile
1745

Ala
1760

Pro
1775

Phe
1790

Gly
1805

Ile
1820

Val
1835

Glu
1850

Leu
1865

Ser
1880

Val
1895

Val
1910

Tyr
1925

Ile
1940

Ala
1955

Val
1970

Ala
1985

Thr
2000

Asn
2015

Met
2030

Cys
2045

Ala
2060

Val
2075

Thr
2090

Asp

Val

Pro

Ala

Arg

Asp

Asp

Phe

Arg

Glu

Leu

Arg

Asp

Gly

Ser

Ala

Ser

Asp

Lys

Val

Val

Arg

Phe

Lys

Thr

Val

His

Pro

Glu

Thr

Glu

Phe

Ser

Gln

Lys

Leu

Tyr

Arg

Arg

Pro

Ala

Tyr

Gly

Leu

Arg

Leu

Glu

Lys

Gln

Lys

Asn

His

Pro

Pro

Arg

Ala

His

Asp

Ser

His

Met

Leu

Gln

Leu

Ile

Thr

Cys

Gln

Ser

Arg

Ser

Ala

Leu

Arg

Pro

Leu

Leu

Pro

Glu

Arg

Pro

Phe

Glu

Asp

Asp

Asn

Tyr

Lys

Ser

Thr

Pro

Val

Asn

Ile

Asp

Cys

Ala

Ala

Pro

Tyr

Ile

Lys

Val

Glu
1720

Pro
1735

Pro
1750

Val
1765

Arg
1780

Val
1795

Val
1810

Thr
1825

Leu
1840

Pro
1855

Met
1870

Arg
1885

Ser
1900

Thr
1915

Ile
1930

Glu
1945

Thr
1960

Ser
1975

Tyr
1990

Val
2005

Ala
2020

Thr
2035

Ala
2050

Arg
2065

Gly
2080

Pro
2095

Pro

Ala

Lys

Pro

Asn

Asp

Leu

Gly

Gln

Pro

Gln

Lys

Gly

Tyr

Glu

Tyr

Asp

Cys

Pro

Pro

Thr

Met

Cys

Ile

Pro

Leu

Ala

Asp

Arg

Ala

Lys

Ala

Arg

Ser

Cys

Lys

Met

Val

Ala

Ala

Arg

Leu

Glu

Leu

Lys

Ser

Lys

Asp

Ser

Thr

Lys

Gln

Gly

His

Ala

Pro

Leu

Leu

Leu

Gly

Ala

Leu

His

Glu

Arg

Val

Phe

Ser

Tyr

Asp

His

Pro

Arg

Ser

Gly

Thr

Ala

Glu

Ile

Val

Ala

Arg

Pro

Ala

Gly

His

Gln

Asp

Pro

Asn

Leu

Arg

Ser

Arg

Asp

Arg

His

Phe

Asn

Ala

Glu

Glu

Ala

Val

Ala
1725

Asp
1740

Tyr
1755

Lys
1770

Leu
1785

Ser
1800

Arg
1815

Leu
1830

Leu
1845

Thr
1860

Ser
1875

Met
1890

Tyr
1905

Tyr
1920

Ser
1935

Asn
1950

Ala
1965

Ala
1980

Ala
1995

Gln
2010

Cys
2025

Val
2040

Tyr
2055

Asn
2070

Ala
2085

Pro
2100

Asp

Leu

Leu

Pro

Thr

Gly

Ala

Gln

Asp

Glu

Glu

Lys

Thr

Pro

Pro

Tyr

Tyr

Thr

Tyr

Asn

Asn

Phe

Trp

Ile

Leu

Met

Leu

Glu

Ala

Thr

Phe

Ile

Gly

Gln

Ala

Arg

Ala

Ala

Gly

Arg

Asp

Pro

Leu

Phe

His

Thr

Val

Asn

Glu

Thr

Phe

Asp

Ala

Asn

Ser

Pro

Gly

Thr

Ala

Lys

Val

Glu

Asn

Thr

Ala

Pro

Val

Thr

Asp

Cys

Gln

Leu

Thr

Val

Glu

Thr

Ala

Arg
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Phe Thr Val Asp Met Lys Arg Asp Val Lys Val Thr Pro Gly Thr
2105 2110 2115

Lys His Thr Glu Glu Arg Pro Lys Val Gln Val Ile Gln Ala Ala
2120 2125 2130

Glu Pro Leu Ala Thr Ala Tyr Leu Cys Gly Ile His Arg Glu Leu
2135 2140 2145

Val Arg Arg Leu Asn Ala Val Leu Arg Pro Asn Val His Thr Leu
2150 2155 2160

Phe Asp Met Ser Ala Glu Asp Phe Asp Ala Ile Ile Ala Ser His
2165 2170 2175

Phe His Pro Gly Asp Pro Val Leu Glu Thr Asp Ile Ala Ser Phe
2180 2185 2190

Asp Lys Ser Gln Asp Asp Ser Leu Ala Leu Thr Gly Leu Met Ile
2195 2200 2205

Leu Glu Asp Leu Gly Val Asp Gln Tyr Leu Leu Asp Leu Ile Glu
2210 2215 2220

Ala Ala Phe Gly Glu Ile Ser Ser Cys His Leu Pro Thr Gly Thr
2225 2230 2235

Arg Phe Lys Phe Gly Ala Met Met Lys Ser Gly Met Phe Leu Thr
2240 2245 2250

Leu Phe 1Ile Asn Thr Val Leu Asn Ile Thr Ile Ala Ser Arg Val
2255 2260 2265

Leu Glu Gln Arg Leu Thr Asp Ser Ala Cys Ala Ala Phe Ile Gly
2270 2275 2280

Asp Asp Asn Ile Val His Gly Val Ile Ser Asp Lys Leu Met Ala
2285 2290 2295

Glu Arg Cys Ala Ser Trp Val 2Asn Met Glu Val Lys Ile Ile Asp
2300 2305 2310

Ala Val Met Gly Glu Lys Pro Pro Tyr Phe Cys Gly Gly Phe Ile
2315 2320 2325

Val Phe Asp Ser Val Thr Gln Thr Ala Cys Arg Val Ser Asp Pro
2330 2335 2340

Leu Lys Arg Leu Phe Lys Leu Gly Lys Pro Leu Thr Ala Glu Asp
2345 2350 2355

Lys Gln Asp Glu Asp Arg Arg Arg Ala Leu Ser Asp Glu Val Ser
2360 2365 2370

Lys Trp Phe Arg Thr Gly Leu Gly Ala Glu Leu Glu Val Ala Leu
2375 2380 2385

Thr Ser Arg Tyr Glu Val Glu Gly Cys Lys Ser Ile Leu Ile Ala
2390 2395 2400

Met Ala Thr Leu Ala Arg Asp Ile Lys Ala Phe Lys Lys Leu Arg
2405 2410 2415

Gly Pro Val Ile His Leu Tyr Gly Gly Pro Arg Leu Val Arg
2420 2425 2430

<210> SEQ ID NO 4

<211> LENGTH: 7872

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence of resynthesized sequence
of SFV replicase with inserted heterologous intron which when
expressed correspond to SEQ ID NO:1

<400> SEQUENCE: 4

atggccgeca aggtgcacgt ggacatcgag gecgacagec ccettcatcaa gagectgcag 60
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aaggccttee ccagettega ggtggagtcee ctgcaggtga ccecccaacga ccacgcecaac 120
gccagggect tcagecacct ggccaccaag ctgatcgage aggaaaccga caaggacacce 180
ctgatcctgg acatcggcag cgcccectca aggtgagttt ggggacccett gattgttett 240
tctttttege tattgtaaaa ttcatgttat atggaggggg caaagttttce agggtgttgt 300
ttagaatggg aagatgtccc ttgtatcact atggaccctc atgataattt tgtttcecttte 360
actttctact ctgttgacaa ccattgtctc ctcecttatttt cttttcattt tetgtaactt 420
tttcgttaaa ctttagcttg catttgtaac gaatttttaa attcactttt gtttatttgt 480
cagattgtaa gtactttctc taatcacttt tttttcaagg caatcagggt atattatatt 540
gtacttcage acagttttag agaacaattg ttataattaa atgataaggt agaatatttc 600
tgcatataaa ttctggctgg cgtggaaata ttecttattgg tagaaacaac tacaccctgg 660
tcatcatcct gectttctet ttatggttac aatgatatac actgtttgag atgaggataa 720
aatactctga gtccaaaccg ggcccctetg ctaaccatgt tcatgectte ttetttttee 780
tacaggcgga tgatgagcac ccacaagtac cactgcegtgt gecccatgeg gagcegecgag 840
gaccccgage ggetggtgtyg ctacgecaag aagctggecg cegecagegg caaggtgetg 900
gaccgggaga tcgecggcaa gatcaccgac ctgcagaccg tgatggecac ceccgacgec 960
gagagcccca ccttetgect gcacaccgac gtgacctgece ggacagecge cgaggtggec 1020
gtgtaccagyg acgtgtacgce cgtgcacgcce cccacctece tgtaccacca ggcecatgaag 1080
ggcgtgcgga ccgectactg gatcggette gacaccacce ccttcatgtt cgacgcectg 1140
geeggagect accccaccta cgccaccaac tgggccgacg agcaggtget gcaggccegg 1200
aacatcggee tgtgegecge cagcectgacce gagggccgge tgggcaaget gtccatcctg 1260
cggaagaagce agctgaagcc ctgcgacacce gtgatgttca gegtgggcag cacactgtac 1320
accgagagcece ggaagetgcet geggagetgg cacctgcecca gegtgtteca cctgaaggge 1380
aagcagagct tcacctgcag atgcgacacc atcgtgaget gcgagggcta cgtggtgaag 1440
aaaatcacca tgtgccctgg cctgtacgge aagaccgtgg gctacgccgt gacctaccac 1500
gccgagggcet ttetggtgtg caagaccacce gataccgtga agggcgagag agtgagettce 1560
ccegtetgea cctacgtgece cagcaccatce tgcgaccaga tgaccggtat cctggccacce 1620
gatgtgacce ccgaggacge ccagaaactg ctggteggec tgaaccageg gatcgtggtg 1680
aacggccgga cccagceggaa caccaacacce atgaagaact acctgctgece catcegtggece 1740
gtggcctteca gcaagtggge cagagagtac aaggccgacce tggacgacga gaagcccctg 1800
ggcgtgcggyg agcggagcect gacctgcetge tgcecctgtggg ccttcaagac ccggaagatg 1860
cacaccatgt acaagaagcc cgacacccag accatcgtga aggtgcccag cgagttcaac 1920
agcttegtga tccccagect gtggagcacce ggectggeca tcccegtgeg gagceccggatce 1980
aagatgctge tggccaagaa aaccaagcegg gagctgatee cegtgcetgga cgccagcage 2040
gccagggacy ccgagcagga agagaaagag cggctggaag ccgagctgac ccgggaggec 2100
ctgccececce tggtgectat cgcccectgcee gagaccggceg tggtggacgt ggatgtggag 2160
gaactggaat accacgccgg agceggggtg gtggagaccce ccagatccge cctgaaggtyg 2220
acagcccage ccaacgacgt getgetggge aactacgtgg tgctgtccee ccagaccegtg 2280
ctgaagagca gcaagctgge ccccgtgeac cetetggecyg agcaggtgaa gatcatcace 2340
cacaacggca gggccggcag ataccaggte gacggctacyg acggccgggt gcetgetgceca 2400
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tgcggceteeg ccatccctgt geccgagtte caggccctga gcgagagcgce cacaatggtg 2460
tacaacgagc gggagttcegt gaaccggaag ctgtaccaca ttgccgtgca cggccctagce 2520
ctgaacaccg atgaggaaaa ctacgagaaa gtgcgggceceg agcggaccga tgccgagtac 2580
gtgttcgacyg tggacaagaa atgctgcgtg aagcgggagg aagccagcegg gctggtgetg 2640
gteggggage tgaccaacce ccccttecac gagttegect acgagggect gaagatcegg 2700
cectecgece cctacaagac cacagtggtg ggegtgtteg gegtgcecegyg cageggcaag 2760
agcgecatca tcaagtccct ggtgaccaag cacgacctgg tgacctceegyg caagaaagag 2820
aactgccagg aaatcgtcaa cgacgtcaag aagcaccggg gectggacat ccaggcecaag 2880
acagtggaca gcatcctgcet gaacggctgce agacgggcecg tggatatcct gtacgtggac 2940
gaggcectteyg cctgccacag cggcaccctg ctggeectga tegecctyggt gaageccegyg 3000
tccaaggtgg tgctgtgegg cgaccccaag cagtgcgget tcettcaacat gatgcagetg 3060
aaggtgaact tcaaccacaa catctgcacc gaagtgtgec acaagagcat cagccggcegg 3120
tgcaccagac ccgtgaccgce catcgtgtee accctgcact acggcggcaa gatgceggace 3180
accaacccct gcaacaagcc catcatcatce gataccaccyg gccagaccaa gcccaagccce 3240
ggcgacatcg tgctgacctg cttecgegge tgggtgaage agctgcagcet ggactaccgg 3300
ggccacgagyg tgatgaccge cgccgectcece cagggectga ccagaaaggg cgtgtatgece 3360
gtgcggcaga aggtgaacga gaaccccectg tacgccectg ccagcgagca cgtgaatgtg 3420
ctgctgacce ggaccgagga caggctggtyg tggaaaacce tggecggega cccectggate 3480
aaggtgctgt ccaacatccc ccagggcaac ttcaccgeca cectggaaga gtggcaggaa 3540
gagcacgaca agatcatgaa ggtgatcgag ggccctgecg ceccagtgga cgecttecag 3600
aacaaggcca acgtgtgctg ggccaagage ctggtgectyg tgctggacac cgccggcate 3660
cggctgaceg ccgaagagtg gagcaccatce atcaccgect tcaaagagga ccgggectac 3720
agcceegtgg tggecctgaa cgagatctge accaagtact acggegtgga cctggacage 3780
ggectgtteca gegeccccaa ggtgtecctg tactacgaga acaaccactg ggacaaccgg 3840
ccaggeggca ggatgtacgg cttcaacgece gecaccgecyg ccagactgga agcccggcac 3900
acctttctga agggccagtg gcacaccgge aagcaggecyg tgatcgccga gagaaagatce 3960
cagccectgt cecgtgctgga taacgtgatce cctatcaacc ggcggcectgece ccacgccctg 4020
gtggccgagt acaagacagt gaagggcagce cgggtggagt ggctggtgaa caaagtgegyg 4080
ggctaccacg tgctgctggt gtcectgagtac aacctggcec tgectceggeg gagggtgacce 4140
tggctgtecce ctctgaacgt gacaggcgcce gacaggtgcet acgacctgag cctgggectg 4200
cctgeccgacg ccggcagatt cgacctggtg ttegtgaaca tccacaccga gttcagaatce 4260
caccactacc agcagtgcgt ggaccacgec atgaagcetge agatgcetggyg cggcegacgece 4320
ctgaggcetge tgaagectgg cggcagectyg ctgatgeggyg cctacggceta cgccgacaag 4380
atctccgagg cecgtggtgte cagcecctgage cggaagttca gectcecgceccag ggtgctgaga 4440
ccecgactgeg tgaccagcaa cacagaagtg tttetgetgt tcagcaactt cgacaacggce 4500
aagcggecca gcaccctgca ccagatgaac accaagetgt cegecgtgta cgccggegag 4560
gecatgcaca ccgecggatg cgcccccage taccgggtga agegggecga catcgccacce 4620
tgcaccgagg ccgcegtggt gaatgecgece aatgecaggg gcaccgtggyg cgacggegtyg 4680
tgcagggceg tggccaaaaa gtggcccage gecttcaagyg gegaggcecac ccectgtggge 4740
accatcaaaa ccgtgatgtg cggcagctac ccegtgatcce acgccgtgge ccccaattte 4800
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agcgecacca cagaggccga gggcgaccgg gaactggecyg cegtgtatag agecgtggece 4860
gccgaagtga acagactgag cctgagcagce gtggccatcce ctetgcetgtce caccggegtyg 4920
ttcageggeg gcagggaccg getgcagcag agectgaace acctgttcac cgctatggac 4980
gccaccgacyg ccgacgtgac aatctactge cgggacaaga gctgggagaa gaagatccag 5040
gaagccateyg acatgaggac cgccgtggag ctgctgaacyg acgacgtgga gctgacaacce 5100
gacctggtyge gegtgcacce cgacagcage ctggtgggece ggaagggcta cagcaccacce 5160
gacggctecece tgtacagcta cttcgagggce accaagttca accaggccgce catcgatatg 5220
gccgagatee tgaccctgtg gcccaggetg caggaagcca acgagcagat ctgtctgtac 5280
geectgggeyg agacaatgga caacatccgg tcecaagtgece cegtgaacga cagcgacagce 5340
agcacccccee ctceggacegt gecctgectyg tgcagatacyg ccatgaccge cgageggate 5400
geeeggetyge ggagecacca ggtgaagage atggtggtgt geagcagett ceccectgecce 5460
aagtaccacg tggatggcgt gcagaaagtg aagtgcgaga aggtgctgct gttcgacccce 5520
accgtgecta gegtggtgte cccccggaag tacgecgect ccaccaccga ccacagcgac 5580
agaagcctge ggggettega cctggactgg accaccgact ccagcagcac cgccagcgac 5640
accatgagce tgcccagect gcagagetge gacatcgaca gcatctacga gcctatggece 5700
cccategtgg tgaccgecga cgtgcaccct gagecagecyg gcatcgcecga cctggecgee 5760
gatgtgcacce cagaacccge cgaccacgtg gatctggaaa accccatccc cecteccaga 5820
cccaagaggg ccgectacct ggccagcaga gecgecgaga ggceccgtgece tgcccccaga 5880
aagcccacce cagceccccag aaccgectte aggaacaage tgcccctgac ctteggegac 5940
ttcgacgage acgaggtgga cgccctggcee ageggcatca ccttecggcga ttttgatgac 6000
gtgctgegge tgggcagage cggagectat atcttcageca gegacaccgg ctecggecac 6060
ctgcagcaga aaagcgtgag acagcacaac ctgcagtgeg cccagcetgga cgccgtggaa 6120
gaggaaaaga tgtaccccce caagetggat accgageggg aaaagctget getgetgaaa 6180
atgcagatgc accccagcga ggccaacaag agecgctace agtctaggaa ggtggagaac 6240
atgaaggcca ccgtggtgga ccggctgacce ageggcegeca ggctgtacac aggggecgac 6300
gtgggcagaa tccctaccta cgcegtgege taccccagge cegtgtacag ceccaccgtyg 6360
atcgageggt tcagcagccce cgacgtggcce atcgceccgect gcaatgagta cctgtctagg 6420
aactacccaa ccgtggccag ctaccagatc accgatgagt acgatgccta cctggacatg 6480
gtggacggca gcgacagcetg cctggaccgg gecaccttet gteccgecaa getgeggtge 6540
taccccaage accacgecta tcaccagecce accgtgagaa gegecgtgece cageccectte 6600
cagaatacce tgcagaatgt gectggecgece gecaccaage ggaactgcaa cgtgacccag 6660
atgagagaac tgcccacaat ggacagcgcce gtgtttaacg tggagtgctt caagagatac 6720
gectgcageyg gegagtactyg ggaggaatac gccaagcage ccatcceggat caccaccgag 6780
aacatcacca cctacgtgac caagctgaag ggccccaagg ccgecgecect gttegecaag 6840
acccacaacc tggtgccecct gcaggaagtg cctatggaca ggttcaccgt ggacatgaag 6900
cgggacgtga aggtgaccce tggcaccaag cacaccgagg aacggcccaa ggtgcaggtg 6960
atccaggccg ccgagcectet ggccaccgcee tatctgtgeg gecatccacceg ggagetggtg 7020
cggeggetga acgeegtgcet gaggcccaac gtgcacacce tgttcgacat gtccegecgag 7080
gacttcgacyg ccatcatcge cagccactte caccceggeg acccagtget ggaaaccgat 7140
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atcgecaget tcgacaagag ccaggacgac agectggece tgaccggect gatgatcctg 7200
gaagatctgg gcgtggacca gtacctgectg gatctgateg aggccgectt cggcgagatce 7260
agcagctgee acctgectac cggcaccegg ttcaagtteg gegecatgat gaagagegge 7320
atgtttctga ccctgttcat caacacagtg ctgaatatca ccatcgccag cagggtgcetg 7380
gaacagcgge tgaccgacag cgcctgegece gectteatceg gegacgacaa catcgtgeac 7440
ggcgtgatca gcgacaagcet gatggecgag cggtgegeca getgggtgaa catggaagtg 7500
aagattatcg acgccgtgat gggcgaaaag cccceccctact tectgeggcegg cttcategtg 7560
ttecgacageg tgacacagac cgcctgcaga gtgagcgace ccectgaageyg gctgttcaag 7620
ctgggcaaac ctctgacagce cgaggacaag caggacgagyg accggcggag ggccectgtee 7680
gacgaggtgt ccaagtggtt ccggaccgge ctgggegecg agetggaagt ggecctgaca 7740
agccgetacyg aggtggaggg ctgcaagage atcctgateg ctatggcecac cctggeccgg 7800
gacatcaagg cctttaagaa gctgagaggc cctgtcatcc acctgtacgg cggaccecgg 7860
ctggtgeggt ga 7872
<210> SEQ ID NO 5
<211> LENGTH: 10342
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pRSV-Nspl234
<400> SEQUENCE: 5
cacagcccag cttggagcga acgacctaca ccgaactgag atacctacag cgtgagcetat 60
gagaaagcge cacgcttccee gaagggagaa aggcggacag gtatceggta ageggcaggg 120
tcggaacagg agagcegcacg agggagette cagggggaaa cgectggtat ctttatagte 180
ctgtegggtt tcgecaccte tgacttgage gtegattttt gtgatgceteg tcagggggge 240
ggagcctatyg gaaaaacgcce agcaacgcat cgataaaata aaagatttta tttagtctec 300
agaaaaaggg gggaatgaaa gaccccacct gtaggtttgg caagctageg tatacccteg 360
acctgcaggt cgatcgactc tagtatggtg cactctcagt acaatctget ctgatgecge 420
atagttaagc cagtatctgc tccctgettg tgtgttggag gtegetgagt agtgegegag 480
caaaatttaa gctacaacaa ggcaaggctt gaccgacaat tgcatgaaga atctgcttag 540
ggttaggegt tttgcgetge ttcgegatgt acgggecaga tatacgegta tctgagggga 600
ctagggtgtyg tttaggcgaa aagcggggcet teggttgtac geggttagga gtccectcag 660
gatatagtag tttcgetttt gcatagggag ggggaaatgt agtcttatgce aatactcttg 720
tagtcttgca acatggtaac gatgagttag caacatgcct tacaaggaga gaaaaagcac 780
cgtgcatgee gattggtgga agtaaggtgg tacgatcgtyg ccttattagg aaggcaacag 840
acgggtctga catggattgg acgaaccact gaattccgea ttgcagagat attgtattta 900
agtgcctage tcgatacaat aaacgccatt tgaccattca ccacattggt gtgcacctcee 960
aagctggtag aggatcggtc gatcgactct agacgccacc atggccgcca aggtgcacgt 1020
ggacatcgag gccgacagece ccttcatcaa gagectgcag aaggcecttec ccagettega 1080
ggtggagtcee ctgcaggtga cccccaacga ccacgccaac gecagggect tcagecacct 1140
ggccaccaag ctgatcgage aggaaaccga caaggacacc ctgatcctgg acatcggeag 1200
cgcccectca aggtgagttt ggggaccctt gattgttett tetttttcecge tattgtaaaa 1260
ttcatgttat atggaggggg caaagttttc agggtgttgt ttagaatggg aagatgtccc 1320
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ttgtatcact atggaccctc atgataattt tgtttctttc actttctact ctgttgacaa 1380
ccattgtctce ctcttatttt cttttcattt tctgtaactt tttcecgttaaa ctttagettg 1440
catttgtaac gaatttttaa attcactttt gtttatttgt cagattgtaa gtactttctc 1500
taatcacttt tttttcaagg caatcagggt atattatatt gtacttcagc acagttttag 1560
agaacaattg ttataattaa atgataaggt agaatatttc tgcatataaa ttctggctgg 1620
cgtggaaata ttcttattgg tagaaacaac tacaccctgg tcatcatcct gectttetet 1680
ttatggttac aatgatatac actgtttgag atgaggataa aatactctga gtccaaaccg 1740
ggcecectetyg ctaaccatgt tcatgectte ttcetttttec tacaggcgga tgatgagcac 1800
ccacaagtac cactgegtgt gecccatgeg gagegcecgag gaccccgage ggctggtgtg 1860
ctacgccaag aagctggecg ccgccagegg caaggtgetyg gaccgggaga tcegecggcaa 1920
gatcaccgac ctgcagaccg tgatggccac ccccgacgee gagagceccca ccttetgect 1980
gcacaccgac gtgacctgee ggacagecge cgaggtggece gtgtaccagg acgtgtacge 2040
cgtgcacgee cccacctece tgtaccacca ggecatgaag ggegtgcgga ccgectactg 2100
gatcggctte gacaccacce ccttcatgtt cgacgeccctg gecggagect accccaccta 2160
cgccaccaac tgggecgacg agcaggtget geaggcecegyg aacatcggece tgtgegecge 2220
cagcctgace gagggecgge tgggcaaget gtecatcectyg cggaagaage agctgaagcece 2280
ctgcgacacc gtgatgttca gegtgggcag cacactgtac accgagagcce ggaagctgcet 2340
geggagetygyg cacctgccca gegtgtteca cctgaaggge aagcagaget tcacctgeag 2400
atgcgacacc atcgtgagcect gcgagggcta cgtggtgaag aaaatcacca tgtgccctgg 2460
cctgtacgge aagaccgtgg gctacgecgt gacctaccac gecgagggcet ttetggtgtg 2520
caagaccacc gataccgtga agggcgagag agtgagctte ccegtcetgea cctacgtgece 2580
cagcaccatc tgcgaccaga tgaccggtat cctggccacce gatgtgacce ccgaggacgce 2640
ccagaaactg ctggtcggcece tgaaccageg gatcgtggtyg aacggccgga cccagcggaa 2700
caccaacacc atgaagaact acctgctgcce catcgtggcc gtggccttca gcaagtgggce 2760
cagagagtac aaggccgacce tggacgacga gaagcccctyg ggegtgceggyg agceggagect 2820
gacctgctge tgecctgtggg ccttcaagac ccggaagatg cacaccatgt acaagaagcce 2880
cgacacccag accatcgtga aggtgcccag cgagttcaac agcttcgtga tceccccagect 2940
gtggagcacce ggectggeca tceceegtgeg gagecggate aagatgetge tggcecaagaa 3000
aaccaagcgg gagctgatcce ccgtgetgga cgecagcage gcecagggacyg ccgagcagga 3060
agagaaagag cggctggaag ccgagctgac cegggaggece ctgecccccee tggtgectat 3120
cgecectgee gagaccggeg tggtggacgt ggatgtggag gaactggaat accacgccgg 3180
agccggggtyg gtggagacce ccagatcege cctgaaggtyg acagcccage ccaacgacgt 3240
gctgetggge aactacgtgg tgctgtcecce ccagaccgtyg ctgaagagca gcaagctgge 3300
cceegtgecac cctetggecg agcaggtgaa gatcatcace cacaacggca gggecggcag 3360
ataccaggtc gacggctacg acggccgggt gctgctgceca tgcggctceeg ccatccectgt 3420
geecgagtte caggccctga gcgagagege cacaatggtg tacaacgagce gggagttegt 3480
gaaccggaag ctgtaccaca ttgcecgtgca cggccctage ctgaacaccg atgaggaaaa 3540
ctacgagaaa gtgcgggccg agcggaccga tgccgagtac gtgttcegacyg tggacaagaa 3600
atgctgegtyg aagcgggagg aagccagegg getggtgetyg gteggggage tgaccaacce 3660
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ccecttecac gagttegect acgagggect gaagatcegyg cectecgece cctacaagac 3720
cacagtggtg ggcgtgtteg gegtgcccgg cagcggcaag agcgccatca tcaagtccect 3780
ggtgaccaag cacgacctgg tgacctccgg caagaaagag aactgccagg aaatcgtcaa 3840
cgacgtcaag aagcaccggg gcectggacat ccaggccaag acagtggaca gcatcctget 3900
gaacggctge agacgggccg tggatatcct gtacgtggac gaggcecttcecg cctgccacag 3960
cggcaccctg ctggeccctga tegeccectggt gaageceegg tccaaggtgg tgctgtgegg 4020
cgaccccaag cagtgcggcet tettcaacat gatgcagetg aaggtgaact tcaaccacaa 4080
catctgcace gaagtgtgcce acaagagcat cagccggegyg tgcaccagac ccgtgaccge 4140
catcgtgtee accctgcact acggcggcaa gatgcggacce accaacccect gcaacaagcce 4200
catcatcatc gataccaccg gccagaccaa geccaagecce ggcgacatceyg tgctgacctg 4260
ctteegegge tgggtgaage agetgcaget ggactacegyg ggcecacgagyg tgatgaccge 4320
cgecgectee cagggectga ccagaaaggg cgtgtatgece gtgeggcaga aggtgaacga 4380
gaacccectyg tacgeccctyg ccagegagca cgtgaatgtg ctgctgacce ggaccgagga 4440
caggctggtg tggaaaaccc tggccggcga ccectggatce aaggtgctgt ccaacatccce 4500
ccagggcaac ttcaccgcca ccctggaaga gtggcaggaa gagcacgaca agatcatgaa 4560
ggtgatcgayg ggccectgeeg ccccagtgga cgecttecag aacaaggceca acgtgtgetg 4620
ggccaagage ctggtgcctg tgctggacac cgccggcate cggctgaccg ccgaagagtyg 4680
gagcaccatce atcaccgcect tcaaagagga ccgggectac ageccegtgg tggecctgaa 4740
cgagatctge accaagtact acggcgtgga cctggacage ggectgttca gcegeccccaa 4800
ggtgtccectyg tactacgaga acaaccactg ggacaaccgg ccaggcggca ggatgtacgg 4860
cttcaacgee gccaccgecg ccagactgga ageccggcac acctttcetga agggecagtg 4920
gcacaccgge aagcaggccg tgatcgeccga gagaaagatce cagcccectgt cegtgetgga 4980
taacgtgatc cctatcaacc ggcggctgce ccacgccectg gtggccgagt acaagacagt 5040
gaagggcagc cgggtggagt ggctggtgaa caaagtgcgg ggctaccacg tgctgctggt 5100
gtctgagtac aacctggcce tgectecggeg gagggtgacce tggctgtceccce ctetgaacgt 5160
gacaggcgee gacaggtgcet acgacctgag cctgggectg cctgcecgacg ceggcagatt 5220
cgacctggtg ttcgtgaaca tccacaccga gttcagaatc caccactacc agcagtgegt 5280
ggaccacgece atgaagctge agatgetggg cggcgacgece ctgaggetge tgaagcctgg 5340
cggcagcectg ctgatgcggg cctacggcta cgccgacaag atctccgagg ccegtggtgte 5400
cagcctgage cggaagttca gectccgecag ggtgctgaga ccecgactgeyg tgaccagcaa 5460
cacagaagtg tttctgctgt tcagcaactt cgacaacggc aagcggccca gcaccctgca 5520
ccagatgaac accaagctgt ccgccgtgta cgecggcgag gcecatgcaca ccgecggatg 5580
cgececcage taccgggtga agcgggecga catcgccace tgcaccgagyg ccgecgtggt 5640
gaatgccegee aatgccaggg gcaccgtggg cgacggegtg tgcagggecg tggccaaaaa 5700
gtggcccage gecttcaagg gcgaggccac cectgtggge accatcaaaa cegtgatgtg 5760
cggcagcetac cccegtgatce acgccegtgge ceccaattte agegecacca cagaggccga 5820
gggcgaccegyg gaactggeceg ccgtgtatag agccegtggece gecgaagtga acagactgag 5880
cctgagcage gtggccatcce ctetgcetgte caccggegtg ttcageggeg gcagggaccg 5940
gectgcagecayg agcectgaace acctgttcac cgctatggac gecaccgacg ccgacgtgac 6000
aatctactgce cgggacaaga gctgggagaa gaagatccag gaagccatcyg acatgaggac 6060
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cgecgtggag ctgctgaacg acgacgtgga getgacaacce gacctggtge gegtgcacce 6120
cgacagcage ctggtgggcce ggaagggceta cagcaccacce gacggctcece tgtacagcta 6180
cttcgagggce accaagttca accaggccgce catcgatatg geccgagatcce tgaccctgtg 6240
geecaggety caggaagcca acgagcagat ctgtctgtac gecctgggeg agacaatgga 6300
caacatccegg tccaagtgcce ccgtgaacga cagcgacage agcacccccece ctceggaccgt 6360
geectgecty tgcagatacyg ccatgaccge cgagceggatce geccggetge ggagcecacca 6420
ggtgaagagc atggtggtgt gcagcagctt ccccctgcec aagtaccacg tggatggegt 6480
gcagaaagtg aagtgcgaga aggtgctgct gttcgaccec accgtgccta gecgtggtgte 6540
cceceggaag tacgecgect ccaccaccga ccacagcgac agaagectge ggggettcga 6600
cctggactgg accaccgact ccagcagcac cgecagcgac accatgagece tgcccagect 6660
gcagagctge gacatcgaca gcatctacga gectatggece cecategtgg tgaccgecga 6720
cgtgcaccct gagccagecg gecatcgecga cetggecgece gatgtgcace cagaacccge 6780
cgaccacgtg gatctggaaa accccatccece cectcccaga cccaagaggyg ccgectacct 6840
ggccagcaga gccgecgaga ggcccgtgece tgcccecaga aagcccaccce cageccccag 6900
aaccgectte aggaacaagc tgcccctgac ctteggegac ttecgacgage acgaggtgga 6960
cgeccctggece agcggcatca ccttecggcecga ttttgatgac gtgctgecgge tgggcagagce 7020
cggagectat atcttcagca gcgacaccgg ctecggcecac ctgcagcaga aaagcegtgag 7080
acagcacaac ctgcagtgcg cccagectgga cgeccgtggaa gaggaaaaga tgtaccccce 7140
caagctggat accgagcggg aaaagctget getgetgaaa atgcagatge accccagcga 7200
ggccaacaag agccgctace agtctaggaa ggtggagaac atgaaggcca cegtggtgga 7260
ceggetgace ageggegeca ggctgtacac aggggccgac gtgggcagaa tccctaccta 7320
cgeegtgege taccccagge ccgtgtacag ceccaccegtyg atcgageggt tcagcagcece 7380
cgacgtggcce atcgccgect gcaatgagta cctgtctagg aactacccaa ccgtggccag 7440
ctaccagatc accgatgagt acgatgccta cctggacatg gtggacggca gcgacagctg 7500
cctggaccegg gccaccttet gtcccgecaa getgeggtge taccccaage accacgecta 7560
tcaccagccee accgtgagaa gecgccgtgece cageccctte cagaatacce tgcagaatgt 7620
getggecegee gecaccaage ggaactgcaa cgtgacccag atgagagaac tgcccacaat 7680
ggacagcgcec gtgtttaacg tggagtgctt caagagatac gcctgcagcg gcgagtactg 7740
ggaggaatac gccaagcagce ccatccggat caccaccgag aacatcacca cctacgtgac 7800
caagctgaag ggccccaagg ccgccgecct gttegccaag acccacaacce tggtgeccct 7860
gcaggaagtyg cctatggaca ggttcaccgt ggacatgaag cgggacgtga aggtgacccce 7920
tggcaccaag cacaccgagg aacggcccaa ggtgcaggtyg atccaggecyg ccgagectcet 7980
ggccaccgece tatctgtgcg gcatccaccg ggagcetggtyg cggcggctga acgccgtget 8040
gaggcccaac gtgcacacce tgttcgacat gtccgeccgag gacttcgacg ccatcatcege 8100
cagccactte caccceggeg acccagtget ggaaaccgat atcgccaget tcgacaagag 8160
ccaggacgac agcctggecce tgaccggect gatgatccetyg gaagatctgg gegtggacca 8220
gtacctgetg gatctgatcg aggccgectt cggcgagatc agcagctgcec acctgcectac 8280
cggcacccgg ttcaagtteg gegccatgat gaagagcecggce atgtttctga ccctgttcat 8340
caacacagtg ctgaatatca ccatcgecag cagggtgcetyg gaacagcegge tgaccgacag 8400
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cgectgegee gecttecatceg gegacgacaa catcgtgcac ggegtgatca gcgacaaget 8460
gatggccgag cggtgcgcca gctgggtgaa catggaagtg aagattatcg acgccgtgat 8520
gggcgaaaag cccccctact tcectgeggegg cttcatcgtg ttecgacageg tgacacagac 8580
cgectgcaga gtgagegace ccctgaageg getgttcaag ctgggcaaac ctctgacage 8640
cgaggacaag caggacgagg accggcggag ggccctgtece gacgaggtgt ccaagtggtt 8700
cecggaccegge ctgggegecg agctggaagt ggecctgaca agecgctacyg aggtggaggg 8760
ctgcaagagc atcctgatcg ctatggccac cctggcecegg gacatcaagg cctttaagaa 8820
gctgagagge cctgtcatce acctgtacgg cggaccccecgg ctggtgeggt gagagctege 8880
tgatcagcct cgactgtgec ttcectagttge cageccatcetg ttgtttgcce cteccccegtg 8940
ccttecttga cecctggaagg tgccactcce actgtecttt cctaataaaa tgaggaaatt 9000
gcatcgcatt gtctgagtag gtgtcattcect attctggggyg gtggggtggg gcaggacagce 9060
aagggggagg attgggaaga caatagcagg catgcttaat taacaggcct tggcgcgecg 9120
ggtctgggta agctctagtt ctcatgtttg acagcttatc atcgataagc tttaatgcegg 9180
tagtttagca cgaaggagtc aacatgttag aagatctcaa acgctaggta ttagaagcca 9240
acctggeget gccaaaacac aacctggtca cgetcacatg gggcaacgtce agcegecgttg 9300
atcgcgageg cggcegtcttt gtgatcaaac cttecggegt cgattacage gtcatgaccg 9360
ctgacgatat ggtcgtggtt agcatcgaaa ccggtgaagt ggttgaaggt acgaaaaagc 9420
cctectecga cacgccaact caccggctge tctatcagge attccectece attggceggca 9480
ttgtgcatac gcactcgcge cacgccacca tctgggcegca ggcgggtcag tcegattcecag 9540
caaccggcac cacccacgcc gactatttet acggcaccat tccectgcacce cgcaaaatga 9600
ccgacgcaga aatcaacggce gaatatgagt gggaaaccgg taacgtcatc gtagaaacct 9660
ttgaaaaaca gggtatcgat gcagcgcaaa tgcccggegt tcectggtccat teccacggcece 9720
cgtttgcatg gggcaaaaat gccgaagatg cggtgcataa cgccatcgtg ctggaagagg 9780
tcgcttatat ggggatattc tgccgtcagt tagecgccegca gttaccggat atgcagcaaa 9840
cgctgctgga taaacactat ctgcgtaage atggcgcgaa ggcatattac gggcagtaat 9900
gacagccege ctaatgagcg ggettttttt tccatgacca aaatccctta acgtgagttt 9960
tcgttecact gagcgtcaga ccccgtagaa aagatcaaag gatcttcecttg agatccetttt 10020
tttctgegeg taatctgetyg cttgcaaaca aaaaaaccac cgctaccage ggtggtttgt 10080
ttgccggatc aagagctacc aactcttttt ccgaaggtaa ctggcttcag cagagcgcag 10140
ataccaaata ctgtccttect agtgtagccg tagttaggcce accacttcaa gaactctgta 10200
gcaccgcecta catacctcecge tctgctaatce ctgttaccag tggectgctge cagtggcgat 10260
aagtcgtgtce ttaccgggtt ggactcaaga cgatagttac cggataaggc gcagcecggtceg 10320
ggctgaacgg ggggttcegtg ca 10342
<210> SEQ ID NO 6
<211> LENGTH: 10248
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pheIF4A1-Nspl234
<400> SEQUENCE: 6
cacagcccag cttggagcga acgacctaca ccgaactgag atacctacag cgtgagcetat 60
gagaaagcge cacgcttccee gaagggagaa aggcggacag gtatceggta ageggcaggg 120
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tcggaacagg agagcegcacg agggagette cagggggaaa cgectggtat ctttatagte 180
ctgtegggtt tcgecaccte tgacttgage gtegattttt gtgatgceteg tcagggggge 240
ggagcctatyg gaaaaacgcce agcaacgcat cgataaaata aaagatttta tttagtctec 300
agaaaaaggg gggaatgaaa gaccccacct gtaggtttgg caagctageg tatacggate 360
ctctagetag atgatttect tcatcectgg cacacgtceca ggcagtgteg aatccatcte 420
tgctacaggg gaaaacaaat aacatttgag tccagtggag accgggagca gaagtaaagg 480
gaagtgataa cccccagage ccggaagect ctggaggetg agacctegec ceecttgegt 540
gatagggcct acggagccac atgaccaagg cactgtegec tecgcacgtg tgagagtgea 600
gggccccaayg atggctgceca ggcectcgagg cctgactett ctatgtcact tecgtacegg 660
cgagaaaggce gggccctceca gecaatgagg ctgeggggeg ggecttcace ttgataggca 720
ctcgagttat ccaatggtgce ctgcgggecg gagcgactag gaactaacgt catgecgagt 780
tgctgagege cggcaggcegg ggccggggeg gecaaaccaa tgcgatggece ggggeggagt 840
cgggegetet ataagttgtce gataggeggg cactccegece tagtttctaa ggaaccggte 900
gecaccatgyg ccgecaaggt gcacgtggac atcgaggecg acagcccectt catcaagagce 960
ctgcagaagg ccttecccag cttcgaggtg gagtccctge aggtgacccee caacgaccac 1020
gccaacgceca gggecttcag ccacctggcece accaagetga tcgagcagga aaccgacaag 1080
gacaccctga tcecctggacat cggcagegece ccctcaaggt gagtttgggg acccttgatt 1140
gttctttett tttecgctatt gtaaaattca tgttatatgg agggggcaaa gttttcaggg 1200
tgttgtttag aatgggaaga tgtcccttgt atcactatgg accctcatga taattttgtt 1260
tctttcactt tctactctgt tgacaaccat tgtctcecctet tattttcttt tecattttcetg 1320
taactttttc gttaaacttt agcttgcatt tgtaacgaat ttttaaattc acttttgttt 1380
atttgtcaga ttgtaagtac tttctctaat cacttttttt tcaaggcaat cagggtatat 1440
tatattgtac ttcagcacag ttttagagaa caattgttat aattaaatga taaggtagaa 1500
tatttctgca tataaattct ggctggegtg gaaatattct tattggtaga aacaactaca 1560
ccetggtecat catcctgect ttetetttat ggttacaatg atatacactg tttgagatga 1620
ggataaaata ctctgagtcce aaaccgggcc cctctgctaa ccatgttcat gecttcettet 1680
ttttecctaca ggcggatgat gagcacccac aagtaccact gecgtgtgcce catgcggagce 1740
geegaggace ccgagegget ggtgtgctac geccaagaage tggccgecge cageggcaag 1800
gtgctggace gggagatcge cggcaagatc accgacctge agaccgtgat ggecaccccce 1860
gacgccgaga gccccacctt ctgectgcac accgacgtga cctgccggac agecgcecgag 1920
gtggcegtgt accaggacgt gtacgccegtg cacgccccca cctccectgta ccaccaggece 1980
atgaagggcg tgcggaccgce ctactggatc ggcttcgaca ccaccccctt catgttcecgac 2040
geectggeeyg gagectaccee cacctacgcece accaactggg ccgacgagca ggtgetgeag 2100
geeeggaaca teggectgtg cgccgecage ctgaccgagg gecggetggg caagetgtec 2160
atcctgegga agaagcagct gaagccctge gacaccgtga tgttcagegt gggcagcaca 2220
ctgtacaccg agagccggaa gctgctgcegg agctggcacce tgcccagcegt gttcecacctg 2280
aagggcaagc agagcttcac ctgcagatge gacaccateg tgagctgcega gggctacgtg 2340
gtgaagaaaa tcaccatgtg ccctggectg tacggcaaga ccgtgggcta cgccgtgacce 2400
taccacgcecg agggctttet ggtgtgcaag accaccgata ccgtgaaggg cgagagagtg 2460
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agcttceceg tetgcaccta cgtgceccage accatctgeg accagatgac cggtatcctg 2520
gecaccgatyg tgacccccga ggacgeccag aaactgetgg teggcectgaa ccageggatce 2580
gtggtgaacyg gccggaccca gcggaacacce aacaccatga agaactacct gctgeccatce 2640
gtggcegtygyg ccttcagcaa gtgggccaga gagtacaagg ccgacctgga cgacgagaag 2700
ccectgggeg tgcgggageg gagcectgace tgctgctgece tgtgggectt caagacccegg 2760
aagatgcaca ccatgtacaa gaagcccgac acccagacca tcegtgaaggt gcccagcgag 2820
ttcaacagct tecgtgatccecce cagectgtgg agcaccggcece tggccatccce cgtgcecggagce 2880
cggatcaaga tgctgcetgge caagaaaacc aagcgggage tgatcccegt gcetggacgee 2940
agcagcgcca gggacgccga gcaggaagag aaagagcgge tggaagccga gctgacccgg 3000
gaggccctge cccccectggt gectategece cctgeccgaga cceggegtggt ggacgtggat 3060
gtggaggaac tggaatacca cgccggagcece ggggtggtgg agacccccag atccgccctg 3120
aaggtgacag cccagcccaa cgacgtgetg ctgggcaact acgtggtget gtccccccag 3180
accgtgctga agagcagcaa gectggeccece gtgcacccte tggecgagceca ggtgaagate 3240
atcacccaca acggcagggc cggcagatac caggtcgacyg gctacgacgyg ccgggtgcetg 3300
ctgccatgeg getecgecat cectgtgece gagttcecagyg cectgagega gagcegecaca 3360
atggtgtaca acgagcggga gttcgtgaac cggaagctgt accacattgce cgtgcacggce 3420
cctagectga acaccgatga ggaaaactac gagaaagtge gggccgageyg gaccgatgece 3480
gagtacgtgt tcgacgtgga caagaaatgc tgcgtgaagce gggaggaagce cagegggetg 3540
gtgctggteg gggagctgac caaccccccce ttccacgagt tegectacga gggcctgaag 3600
atccggecct ccgeccecta caagaccaca gtggtgggeg tgtteggegt geceggcage 3660
ggcaagageyg ccatcatcaa gtcectggtg accaagcacg acctggtgac ctecggcaag 3720
aaagagaact gccaggaaat cgtcaacgac gtcaagaagce accggggect ggacatccag 3780
gccaagacag tggacagcat cctgctgaac ggctgcagac gggccgtgga tatcctgtac 3840
gtggacgagg ccttcgectg ccacagegge accctgcectgg cectgatege cctggtgaag 3900
ccecggteca aggtggtget gtgcggcgac cccaagcagt geggcttctt caacatgatg 3960
cagctgaagg tgaacttcaa ccacaacatc tgcaccgaag tgtgccacaa gagcatcage 4020
cggeggtgea ccagaccegt gaccgcecate gtgtccacce tgcactacgyg cggcaagatg 4080
cggaccacca acccectgcaa caagcccatce atcatcgata ccaccggeca gaccaagccce 4140
aagccceggeg acatcgtget gacctgette cgeggctggg tgaagcaget gcagctggac 4200
taccggggee acgaggtgat gaccgecgece gectcccagg gectgaccag aaagggegtyg 4260
tatgececgtge ggcagaaggt gaacgagaac ccectgtacyg ccectgcecag cgagcacgtg 4320
aatgtgctge tgaccecggac cgaggacagg ctggtgtgga aaaccctgge cggcgaccce 4380
tggatcaagg tgctgtccaa catcccccag ggcaacttca cecgccaccet ggaagagtgg 4440
caggaagagc acgacaagat catgaaggtg atcgagggec ctgecgccce agtggacgece 4500
ttccagaaca aggccaacgt gtgctgggcce aagagcctgg tgcctgtget ggacaccgcece 4560
ggcatcegge tgaccgccga agagtggagce accatcatca cegecttcaa agaggaccgg 4620
gcctacagece ccgtggtgge cctgaacgag atctgcacca agtactacgg cgtggacctg 4680
gacagcggee tgttcagcege ccccaaggtg tcecctgtact acgagaacaa ccactgggac 4740
aaccggccag gcggcaggat gtacggette aacgccgeca cegecgcecag actggaagece 4800
cggcacacct ttctgaaggg ccagtggcac accggcaage aggccgtgat cgccgagaga 4860
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aagatccagce ccctgtcegt getggataac gtgatcecta tcaaccggeg getgcecccac 4920
geectggtygyg ccgagtacaa gacagtgaag ggcagecggg tggagtgget ggtgaacaaa 4980
gtgcggggcet accacgtgct gctggtgtcect gagtacaacc tggccctgece tcggcggagy 5040
gtgacctgge tgtccecctcet gaacgtgaca ggcgccgaca ggtgctacga cctgagectyg 5100
ggcectgecetyg ccgacgecgg cagattcgac ctggtgtteg tgaacatcca caccgagtte 5160
agaatccacce actaccagca gtgcgtggac cacgccatga agctgcagat gctgggegge 5220
gacgccctga ggetgectgaa gectggegge agectgetga tgcgggecta cggcetacgece 5280
gacaagatct ccgaggccgt ggtgtccage ctgageccgga agttcagetce cgccagggtyg 5340
ctgagacccg actgcgtgac cagcaacaca gaagtgtttce tgctgttcag caacttcgac 5400
aacggcaagce ggcccagcac cctgcaccag atgaacacca agetgtccege cgtgtacgece 5460
ggcgaggceca tgcacaccge cggatgegece cccagetace gggtgaageg ggecgacatce 5520
gecacctgea ccgaggcecge cgtggtgaat gecgecaatg ccaggggcac cgtgggcgac 5580
ggegtgtgea gggecgtgge caaaaagtgg cccagegect tcaagggcega ggcecaccect 5640
gtgggcacca tcaaaaccgt gatgtgcgge agctaccceg tgatccacge cgtggcccce 5700
aatttcageg ccaccacaga ggccgagggce gaccgggaac tggecgcecegt gtatagagece 5760
gtggccgeceg aagtgaacag actgagcectg agcagcgtgg ccatccctcet gctgtccacce 5820
ggegtgttea geggeggcag ggaccggetg cagcagagece tgaaccacct gttcaccget 5880
atggacgcca ccgacgccga cgtgacaatce tactgccggg acaagagctyg ggagaagaag 5940
atccaggaag ccatcgacat gaggaccgece gtggagetge tgaacgacga cgtggagcetg 6000
acaaccgacce tggtgegegt gcaccecgac agecagcectgyg tgggccggaa gggctacage 6060
accaccgacg gctceectgta cagctactte gagggcacca agttcaacca ggccgecate 6120
gatatggcecg agatcctgac cctgtggeccce aggctgcagg aagccaacga gcagatctgt 6180
ctgtacgcce tgggegagac aatggacaac atccggtceca agtgcccegt gaacgacage 6240
gacagcagca cccceecteg gaccgtgece tgectgtgcea gatacgecat gaccgccgag 6300
cggategece ggctgeggag ccaccaggtg aagagcatgg tggtgtgcag cagcttccce 6360
ctgcccaagt accacgtgga tggcgtgcag aaagtgaagt gcgagaaggt gcetgctgtte 6420
gaccccaceyg tgectagegt ggtgtccccee cggaagtacg cegectecac caccgaccac 6480
agcgacagaa gcctgegggg cttcegacctg gactggacca ccgactccag cagcaccgece 6540
agcgacacca tgagcectgcece cagcctgcag agetgcgaca tcegacagcat ctacgagect 6600
atggccccca tcegtggtgac cgccgacgtg caccctgage cagecggcat cgccgacctg 6660
geegecgatyg tgcacccaga acccgecgac cacgtggatce tggaaaaccce catccccect 6720
cccagaccca agagggecge ctacctggece agcagagecg ccgagaggece cgtgectgee 6780
cccagaaage ccaccccagce ccccagaacce gecttcagga acaagctgece cctgacctte 6840
ggcgactteg acgagcacga ggtggacgcce ctggccageg gcatcacctt cggcgatttt 6900
gatgacgtgc tgcggctggg cagagccgga gcctatatcet tcagcagcga caccggcetcece 6960
ggccacctyge agcagaaaag cgtgagacag cacaacctgce agtgcgecca getggacgec 7020
gtggaagagyg aaaagatgta cccccccaag ctggataccg agcgggaaaa gcetgetgetg 7080
ctgaaaatgc agatgcaccc cagcgaggcec aacaagagec gctaccagtce taggaaggtg 7140
gagaacatga aggccaccgt ggtggaccgg ctgaccageg gegccaggcet gtacacaggg 7200
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geegacgtygyg gcagaatccee tacctacgcece gtgcegetace ccaggeccegt gtacageccce 7260
accgtgatcg agcggttcag cagccccgac gtggccatceg cecgcectgcaa tgagtacctg 7320
tctaggaact acccaaccgt ggccagctac cagatcaccg atgagtacga tgcctacctg 7380
gacatggtgyg acggcagcga cagctgectg gaccgggeca ccttetgtec cgecaagetg 7440
cggtgctace ccaagcacca cgcctatcac cageccaceyg tgagaagcege cgtgeccage 7500
cccettecaga ataccctgca gaatgtgetg gecgecgeca ccaagcggaa ctgcaacgtg 7560
acccagatga gagaactgcc cacaatggac agcgccgtgt ttaacgtgga gtgcttcaag 7620
agatacgcct gcageggcga gtactgggag gaatacgcca agcagcccat ccggatcace 7680
accgagaaca tcaccaccta cgtgaccaag ctgaagggec ccaaggccge cgccectgtte 7740
gccaagaccee acaacctggt gccectgcag gaagtgecta tggacaggtt caccgtggac 7800
atgaagcggg acgtgaaggt gacccctgge accaagcaca ccgaggaacyg gcccaaggtg 7860
caggtgatce aggccgecga gectcetggece accgectate tgtgeggeat ccaccgggag 7920
ctggtgcegge ggctgaacgce cgtgctgagg cccaacgtge acaccctgtt cgacatgtcece 7980
geecgaggact tcgacgccat catcgecage cacttcecacce ceggcgacce agtgctggaa 8040
accgatatcg ccagcettcga caagagecag gacgacagece tggecctgac cggectgatg 8100
atcctggaag atctgggegt ggaccagtac ctgctggatce tgatcgaggce cgcctteggce 8160
gagatcagca gctgccacct gcctaccgge acccggttca agttcecggegce catgatgaag 8220
agcggcatgt ttctgaccct gttcatcaac acagtgctga atatcaccat cgccagcagg 8280
gtgctggaac agcggctgac cgacagcgcece tgcgecgect tcatcggega cgacaacatce 8340
gtgcacggeyg tgatcagcga caagcetgatg gecgageggt gegecagetg ggtgaacatg 8400
gaagtgaaga ttatcgacgc cgtgatgggc gaaaagcccec cctacttcectg cggeggette 8460
atcgtgtteg acagegtgac acagaccgece tgcagagtga gcgaccccect gaageggcetg 8520
ttcaagctgg gcaaacctct gacagecgag gacaagcagyg acgaggaccyg gcggagggcece 8580
ctgtccgacg aggtgtccaa gtggtteccgg accggcectgg gecgccgaget ggaagtggcece 8640
ctgacaagcce gctacgaggt ggagggctgce aagagcatcc tgatcgctat ggccaccctg 8700
gccecgggaca tcaaggcectt taagaagetg agaggccctg tcatccacct gtacggcegga 8760
cceeggetgg tgcggtgaga getcecgctgat cagectcegac tgtgecttet agttgccagce 8820
catctgttgt ttgcccctece ccecgtgectt ccttgaccect ggaaggtgcce actcccactg 8880
tcetttecta ataaaatgag gaaattgcat cgcattgtet gagtaggtgt cattctattce 8940
tggggggtyy ggtggggcag gacagcaagg gggaggattyg ggaagacaat agcaggcatg 9000
cttaattaac aggccttggce gegceegggtce tgggtaaget ctagttcectca tgtttgacag 9060
cttatcatcg ataagcttta atgcggtagt ttagcacgaa ggagtcaaca tgttagaaga 9120
tctcaaacgce taggtattag aagccaacct ggcgctgcca aaacacaacc tggtcacgcet 9180
cacatggggc aacgtcagcg ccgttgatcg cgagcgceggce gtctttgtga tcaaacctte 9240
cggcgtegat tacagcgtca tgaccgctga cgatatggtce gtggttagca tcgaaaccgg 9300
tgaagtggtt gaaggtacga aaaagccctc ctceccgacacg ccaactcacc ggctgctcta 9360
tcaggcattc cccteccattg geggcattgt gcatacgcac tcgcgccacg ccaccatctg 9420
ggcgcaggeyg ggtcagtcga ttccagcaac cggcaccace cacgcecgact atttctacgg 9480
caccattcce tgcacccgca aaatgaccga cgcagaaatc aacggcgaat atgagtggga 9540
aaccggtaac gtcatcgtag aaacctttga aaaacagggt atcgatgcag cgcaaatgcc 9600
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cggegttetyg gtecattece acggecegtt

gcataacgce atcgtgetgg aagaggtege

gecgcagtta ccggatatge agcaaacgcet

cgcgaaggca tattacggge agtaatgaca

tgaccaaaat cccttaacgt gagttttegt

tcaaaggatc ttecttgagat ccttttttte

aaccaccgct accageggtg gtttgtttge

aggtaactgg cttcagcaga gcgcagatac

taggccacca cttcaagaac tctgtagcac

taccagtgge tgctgecagt ggegataagt

agttaccgga taaggcgcag cggteggget

<210> SEQ ID NO 7

<211> LENGTH: 10258

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid
<400> SEQUENCE: 7

cacagcccag cttggagega acgacctaca
gagaaagcge cacgcttcce gaagggagaa
tcggaacagg agagcgcacg agggagette
ctgtegggtt tegecaccte tgacttgage
ggagcctatyg gaaaaacgcc agcaacgcat
agaaaaaggg gggaatgaaa gaccccacct
ctctagectag ageteeggtyg ccegtcagtg
gaagttgggg ggaggggtcg gcaattgaac
ctgggaaagt gatgtegtgt actggetceeg
tataagtgca gtagtecgecg tgaacgttcet
getgaagett cgaggggcte gcatctetee
ccatccacge cggttgagte gegttetgece
gtcegecgte taggtaagtt taaagctcag
ttggagccta cctagactca geeggetete
ctacgtcttt gtttegtttt ctgttetgeg
tactceggte gccaccatgg ccgecaaggt
catcaagagce ctgcagaagg ccttecccag
caacgaccac gccaacgeca gggecttcag
aaccgacaag gacaccctga tcctggacat
acccttgatt gttctttett tttegetatt
gttttcaggg tgttgtttag aatgggaaga

taattttgtt tctttcactt tctactcectgt

tcattttctg taacttttte gttaaacttt

tgcatgggge aaaaatgccg
ttatatgggyg atattctgee
getggataaa cactatctge
gecegectaa tgageggget
tccactgage gtcagaccce
tgcgegtaat ctgetgettyg
cggatcaaga gctaccaact
caaatactgt ccttctagtyg
cgcctacata cctegetetg
cgtgtettac cgggttggac

gaacgggggg ttcgtgca

PhEF1aHTLV-Nspl234

ccgaactgag atacctacag
aggcggacag gtatccggta
cagggggaaa cgcctggtat
gtcgattttt gtgatgeteg
cgataaaata aaagatttta
gtaggtttgg caagctagceg
ggcagagege acatcgcecca
cggtgectag agaaggtgge
cctttttece gagggtgggy
ttttcegcaac gggtttgecy
ttcacgcgee cgecgeccta
gecteecgee tgtggtgect
gtcgagaceg ggectttgte
cacgctttge ctgaccctge
ccgttacaga tccaagetgt
gcacgtggac atcgaggcecg
cttegaggtyg gagtccctge
ccacctggee accaagctga
cggcagegee ccctcaaggt
gtaaaattca tgttatatgg
tgtccecttgt atcactatgg
tgacaaccat tgtctecctet

agcttgcatt tgtaacgaat

aagatgcggt
gtcagttage
gtaagcatgg
tttttttcca
gtagaaaaga
caaacaaaaa
ctttttecga
tagccgtagt
ctaatcctgt

tcaagacgat

cgtgagctat

agceggcaggy

ctttatagtc

tecagggggge

tttagtctce

tatacggatc

cagtcccega

gcggggtaaa

gagaaccgta

ccagaacaca

cctgaggecyg

cctgaactge

cggegetece

ttgctcaact

gaccggegece

acagccectt

aggtgaccce

tcgagcagga

gagtttgggg

agggggcaaa

accctceatga

tattttcttt

ttttaaattc

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10248

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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acttttgttt atttgtcaga ttgtaagtac tttctctaat cacttttttt tcaaggcaat 1440
cagggtatat tatattgtac ttcagcacag ttttagagaa caattgttat aattaaatga 1500
taaggtagaa tatttctgca tataaattct ggctggcecgtg gaaatattct tattggtaga 1560
aacaactaca ccctggtcat catcctgect ttcectcectttat ggttacaatg atatacactg 1620
tttgagatga ggataaaata ctctgagtcc aaaccgggcce cctctgctaa ccatgttcat 1680
gccttettet ttttectaca ggcecggatgat gagcacccac aagtaccact gcgtgtgecce 1740
catgecggage gccgaggacce ccgagegget ggtgtgctac gecaagaage tggecgecge 1800
cagcggcaag gtgctggacce gggagatcge cggcaagatce accgacctge agaccgtgat 1860
ggccaccceee gacgccgaga gcocccacctt ctgcectgcac accgacgtga cctgccggac 1920
agccgecgag gtggecegtgt accaggacgt gtacgcegtyg cacgecccca cctecctgta 1980
ccaccaggcece atgaagggcg tgcggaccge ctactggate ggettcegaca ccacccectt 2040
catgttcgac gccctggecg gagcectaccee cacctacgece accaactggyg ccgacgagca 2100
ggtgctgecayg geccggaaca tcggectgtg cgccgecage ctgaccgagg gecggcetggyg 2160
caagctgtcce atcctgcgga agaagcagct gaagccctgce gacaccgtga tgttcagegt 2220
gggcagcaca ctgtacaccg agagccggaa getgetgegg agetggcacce tgeccagegt 2280
gttccacctyg aagggcaagc agagcttcac ctgcagatgce gacaccatcg tgagctgcga 2340
gggctacgtyg gtgaagaaaa tcaccatgtg ccctggcctg tacggcaaga ccgtgggcta 2400
cgccgtgacce taccacgecg agggctttcet ggtgtgcaag accaccgata ccgtgaaggg 2460
cgagagagtg agcttcceceg tetgcaccta cgtgcccage accatctgeg accagatgac 2520
cggtatccetyg gccaccgatg tgacccecga ggacgcccag aaactgcetgyg tceggectgaa 2580
ccageggate gtggtgaacg gccggaccca geggaacacce aacaccatga agaactacct 2640
getgeccate gtggeegtgg ccttcagcaa gtgggccaga gagtacaagg ccgacctgga 2700
cgacgagaag cccctgggeg tgcgggagcg gagectgacce tgctgectgece tgtgggectt 2760
caagacccgg aagatgcaca ccatgtacaa gaagcccgac acccagacca tcgtgaaggt 2820
gcccagcgag ttcaacagct tcecgtgatccce cagcectgtgg agcaccggcec tggccatcecce 2880
cgtgeggage cggatcaaga tgctgctgge caagaaaacce aagcgggage tgatcccegt 2940
gectggacgee agcagcgcca gggacgccga gcaggaagag aaagagceggce tggaagcecga 3000
gectgaccegyg gaggecctge ccceectggt gectategee cectgcecgaga ceggegtggt 3060
ggacgtggat gtggaggaac tggaatacca cgccggagee ggggtggtgg agacccccag 3120
atccgecectg aaggtgacag cccagcccaa cgacgtgcetg ctgggcaact acgtggtgcet 3180
gtecccccag accgtgctga agagcagcaa getggeccce gtgcaccctce tggecgagea 3240
ggtgaagatc atcacccaca acggcagggc cggcagatac caggtcgacg gctacgacgg 3300
ccgggtgetg ctgccatgeg getceccgecat ccectgtgece gagttceccagg cectgagega 3360
gagcgccaca atggtgtaca acgagcggga gttcgtgaac cggaagctgt accacattge 3420
cgtgcacgge cctagectga acaccgatga ggaaaactac gagaaagtgce gggccgagceg 3480
gaccgatgece gagtacgtgt tcgacgtgga caagaaatgce tgcgtgaagce gggaggaagce 3540
cagcgggctg gtgctggteg gggagctgac caaccccececce ttccacgagt tegectacga 3600
gggcctgaag atccggecct ccgeccecta caagaccaca gtggtgggceg tgtteggegt 3660
geeeggcage ggcaagageg ccatcatcaa gtccectggtyg accaagcacg acctggtgac 3720
ctecggcaag aaagagaact gccaggaaat cgtcaacgac gtcaagaagce accggggcect 3780
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ggacatccag gccaagacag tggacagcat cctgctgaac ggctgcagac gggecgtgga 3840
tatcctgtac gtggacgagg ccttcecgectg ccacagegge accctgcectgg cectgatege 3900
cctggtgaag ccccggteca aggtggtgct gtgeggcgac cccaagcagt geggettcett 3960
caacatgatg cagctgaagg tgaacttcaa ccacaacatc tgcaccgaag tgtgccacaa 4020
gagcatcage cggcggtgca ccagaccegt gaccgecatce gtgtccaccce tgcactacgg 4080
cggcaagatg cggaccacca acccctgcaa caagcccate atcatcgata ccaccggcca 4140
gaccaagccee aagceccggeg acatcgtgcet gacctgette cgeggetggg tgaagcaget 4200
gcagcetggac taccggggece acgaggtgat gaccgecgece gectcccagg gectgaccag 4260
aaagggcgtg tatgeccgtge ggcagaaggt gaacgagaac cccectgtacyg cccctgecag 4320
cgagcacgtg aatgtgctge tgacceggac cgaggacagyg ctggtgtgga aaaccctgge 4380
cggcgaccee tggatcaagg tgctgtecaa catcccccag ggcaacttca ccgecaccct 4440
ggaagagtgyg caggaagagc acgacaagat catgaaggtg atcgagggcc ctgecgcccce 4500
agtggacgcce ttccagaaca aggccaacgt gtgctgggcce aagagcctgg tgcctgtget 4560
ggacaccgee ggcatccgge tgaccgecga agagtggage accatcatca ccegecttcaa 4620
agaggaccgg gcctacagcce cecgtggtgge cctgaacgag atctgcacca agtactacgg 4680
cgtggacctg gacagcggcece tgttcagcge ccccaaggtg tceccctgtact acgagaacaa 4740
ccactgggac aaccggcecag gecggcaggat gtacggette aacgccgeca ccgecgecag 4800
actggaagce cggcacacct ttctgaaggg ccagtggcac accggcaagce aggccgtgat 4860
cgccgagaga aagatccagce ccctgteccgt gctggataac gtgatcccta tcaaccggceg 4920
getgecccac geectggtgg ccgagtacaa gacagtgaag ggcagcecggg tggagtgget 4980
ggtgaacaaa gtgcggggct accacgtgcet gectggtgtet gagtacaacc tggccctgece 5040
tcggcggagg gtgacctgge tgtcccectcet gaacgtgaca ggcgccgaca ggtgctacga 5100
cctgagectg ggcectgectyg ccgacgecgg cagattcgac ctggtgtteg tgaacatcca 5160
caccgagtte agaatccacc actaccagca gtgcgtggac cacgccatga agctgcagat 5220
getgggegge gacgecctga ggctgetgaa gectggegge agectgetga tgegggecta 5280
cggctacgcce gacaagatct ccgaggccgt ggtgtccage ctgagccgga agttcagcetce 5340
cgccagggtg ctgagacceg actgcgtgac cagcaacaca gaagtgttte tgctgttcag 5400
caacttcgac aacggcaagc ggcccagcac cctgcaccag atgaacacca agctgtccge 5460
cgtgtacgee ggcgaggceca tgcacaccge cggatgcegece cccagctace gggtgaageg 5520
ggccgacate gccacctgca ccgaggecge cgtggtgaat gecgccaatg ccaggggeac 5580
cgtgggegac ggcgtgtgca gggccgtgge caaaaagtgg cccagegect tcaagggcga 5640
ggccaccect gtgggcacca tcaaaaccgt gatgtgegge agctaccceceg tgatccacge 5700
cgtggeccee aatttcageg ccaccacaga ggccgaggge gaccgggaac tggecgecgt 5760
gtatagagcc gtggccgcecg aagtgaacag actgagcctg agcagcegtgg ccatccctcet 5820
getgtecace ggegtgttca geggeggcag ggaccggetyg cagcagagec tgaaccacct 5880
gttcaccget atggacgcca ccgacgccga cgtgacaatce tactgecggg acaagagcetg 5940
ggagaagaag atccaggaag ccatcgacat gaggaccgcece gtggagetge tgaacgacga 6000
cgtggagetyg acaaccgacce tggtgegegt geaccccgac agcagectgyg tgggecggaa 6060
gggctacage accaccgacg gctccectgta cagctactte gagggcacca agttcaacca 6120
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ggecgecate gatatggecg agatcctgac cctgtggece aggctgcagg aagccaacga 6180
gcagatctgt ctgtacgcce tgggcgagac aatggacaac atccggtcca agtgcccegt 6240
gaacgacagce gacagcagca cccccecteg gaccgtgece tgectgtgca gatacgccat 6300
gaccgecgayg cggatcgece ggctgeggag ccaccaggtg aagagcatgg tggtgtgeag 6360
cagcttecce ctgcccaagt accacgtgga tggcgtgcag aaagtgaagt gcgagaaggt 6420
gctgetgtte gaccccaccg tgectagegt ggtgtcecccee cggaagtacg ccgectecac 6480
caccgaccac agcgacagaa gcctgegggg cttegacctyg gactggacca ccgactccag 6540
cagcaccgcee agcgacacca tgagcectgece cagectgecag agetgcgaca tcgacagcat 6600
ctacgagcct atggecccca tecgtggtgac cgecgacgtyg caccctgage cagcecggcat 6660
cgecgacctyg gecgecgatg tgcacccaga acccgcecgac cacgtggatce tggaaaacce 6720
catcecccect cccagaccca agagggecge ctacctggece agcagagcecyg ccgagaggcece 6780
cgtgectgee cccagaaagce ccaccccage ceccagaacce gecttcagga acaagetgece 6840
cctgacctte ggcgactteg acgagcacga ggtggacgcce ctggccageg gcatcacctt 6900
cggcgatttt gatgacgtgc tgcggctggg cagagccgga gcctatatct tcagcagega 6960
caccggcetee ggccacctge agcagaaaag cgtgagacag cacaacctge agtgegecca 7020
gectggacgece gtggaagagg aaaagatgta ccccccecaag ctggataccg agcgggaaaa 7080
getgetgetyg ctgaaaatge agatgcacce cagcgaggcec aacaagagcec gctaccagte 7140
taggaaggtg gagaacatga aggccaccgt ggtggaccgg ctgaccageyg gcgcecaggcet 7200
gtacacaggyg gccgacgtgg gcagaatcce tacctacgece gtgcgctacce ccaggccegt 7260
gtacagccee accgtgatceg agcggttcag cagcccecgac gtggcecatceg cegectgeaa 7320
tgagtacctg tctaggaact acccaaccgt ggccagctac cagatcaccg atgagtacga 7380
tgcctacctg gacatggtgg acggcagcga cagctgectg gaccgggcca ccttetgtece 7440
cgccaagetyg cggtgetacce ccaagcacca cgectatcac cageccaccyg tgagaagcgce 7500
cgtgeccage cccttecaga ataccctgea gaatgtgetyg gecgecgeca ccaagcggaa 7560
ctgcaacgtg acccagatga gagaactgcc cacaatggac agcgccgtgt ttaacgtgga 7620
gtgcttcaag agatacgcct gcageggcga gtactgggag gaatacgcca agcagcccat 7680
ccggatcace accgagaaca tcaccaccta cgtgaccaag ctgaagggece ccaaggccgce 7740
cgeccctgtte geccaagacce acaacctggt gccecctgcag gaagtgccta tggacaggtt 7800
caccgtggac atgaagcggg acgtgaaggt gacccctgge accaagcaca ccgaggaacyg 7860
gcccaaggtyg caggtgatce aggccgecga gectectggec accgectatce tgtgeggcat 7920
ccaccgggag ctggtgegge ggctgaacge cgtgctgagyg cccaacgtge acacccetgtt 7980
cgacatgtce gccgaggact tcgacgecat catcgccage cacttccacce ccggegacce 8040
agtgctggaa accgatatcg ccagcttcga caagagccag gacgacagece tggecctgac 8100
cggcctgatg atcctggaag atctgggcgt ggaccagtac ctgctggatce tgatcgaggce 8160
cgecttegge gagatcagca gcectgccacct gcectaccgge acccecggttca agttceggegce 8220
catgatgaag agcggcatgt ttctgaccct gttcatcaac acagtgctga atatcaccat 8280
cgccagcagg gtgctggaac agcggctgac cgacagcegece tgcegecgect tcatcggcega 8340
cgacaacatc gtgcacggcg tgatcagcga caagctgatg gcecgageggt gcegecagetg 8400
ggtgaacatg gaagtgaaga ttatcgacgc cgtgatgggc gaaaagcccc cctacttcetg 8460
cggcggcette atcgtgtteg acagcecgtgac acagaccgcce tgcagagtga gcgaccccect 8520
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gaagcggety ttcaagctgg gcaaacctcet gacagecgag gacaagcagg acgaggaccyg 8580
geggagggee ctgtccgacg aggtgtccaa gtggttecegg accggectgg gegecgaget 8640
ggaagtggcc ctgacaagcce gctacgaggt ggagggctgce aagagcatcc tgatcgctat 8700
ggccaccetyg geccgggaca tcaaggectt taagaagctg agaggccctg tcatccacct 8760
gtacggcgga cccecggcetgg tgcggtgaga gcectcegcectgat cagectcgac tgtgecttet 8820
agttgccagce catctgttgt ttgcccectcee ccegtgectt cecttgaccet ggaaggtgece 8880
actcccactg tectttecta ataaaatgag gaaattgcat cgcattgtet gagtaggtgt 8940
cattctattc tggggggtgg ggtggggcag gacagcaagg gggaggattg ggaagacaat 9000
agcaggcatg cttaattaac aggccttggce gcgeccgggtce tgggtaagct ctagttctca 9060
tgtttgacag cttatcatcg ataagcttta atgcggtagt ttagcacgaa ggagtcaaca 9120
tgttagaaga tctcaaacgc taggtattag aagccaacct ggcgctgcca aaacacaacc 9180
tggtcacgct cacatggggc aacgtcagcg ccgttgatcg cgagcgcgge gtcectttgtga 9240
tcaaaccttc cggcgtcgat tacagcgtca tgaccgctga cgatatggtce gtggttagceca 9300
tcgaaaccgg tgaagtggtt gaaggtacga aaaagcccte ctecgacacyg ccaactcace 9360
ggctgcteta tcaggcatte cccteccattg geggcattgt gcatacgcac tcgegccacy 9420
ccaccatctyg ggcgcaggceg ggtcagtcga ttecagcaac cggcaccacce cacgcecgact 9480
atttctacgg caccattccce tgcacccgca aaatgaccga cgcagaaatc aacggcgaat 9540
atgagtggga aaccggtaac gtcatcgtag aaacctttga aaaacagggt atcgatgcag 9600
cgcaaatgcce cggcegttetg gteccattcecce acggccegtt tgcatggggce aaaaatgecg 9660
aagatgcggt gcataacgcc atcgtgctgg aagaggtcege ttatatgggg atattctgece 9720
gtcagttagc gccgcagtta ccggatatgce agcaaacgct gctggataaa cactatctge 9780
gtaagcatgg cgcgaaggca tattacgggc agtaatgaca gcccgcctaa tgagcgggcet 9840
tttttttecca tgaccaaaat cccttaacgt gagttttegt tccactgage gtcagacccce 9900
gtagaaaaga tcaaaggatc ttcttgagat ccttttttte tgcgcecgtaat ctgectgettg 9960
caaacaaaaa aaccaccgct accagceggtg gtttgtttge cggatcaaga gctaccaact 10020
ctttttecga aggtaactgg cttcagcaga gcgcagatac caaatactgt ccttcectagtg 10080
tagccgtagt taggccacca cttcaagaac tctgtagcac cgcctacata cctcecgetctg 10140
ctaatccectgt taccagtggce tgctgccagt ggcgataagt cgtgtcttac cgggttggac 10200
tcaagacgat agttaccgga taaggcgcag cggtcgggct gaacgggggg ttcecgtgca 10258

The invented claimed is:

1. A method for stimulating the immune system in a
patient in need thereof, comprising administering one or
more antigen(s) or a nucleic acid encoding said one or more
antigen(s) and an alphaviral replicase as an adjuvant, said
replicase comprising an RNA dependent RNA polymerase,
or a nucleic acid encoding said replicase comprising an
RNA dependent RNA polymerase, wherein said method
does not comprise administering nucleic acids encoding
viral template RNA containing cis-signals that interact with
said RNA dependent RNA polymerase and wherein the
alphaviral replicase is a Semliki Forest replicase.

2. The method according to claim 1, wherein the amino
acid sequence of the replicase is set forth in SEQ ID NO:1.

3. The method according to claim 2, wherein the replicase
is mutated in the nsP2 region generating the mutant
RRR>RDR in positions 1185-1187 of SEQ ID NO: 1.
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4. The method according to claim 2, wherein the replicase
is mutated in the nsP2 region generating the mutant
RRR>AAA in the positions 1185-11870f SEQ ID NO: 1.

5. The method according to claim 1, wherein said repli-
case is encoded by an expression vector.

6. The method according to claim 5, wherein said expres-
sion vector is a DNA vector.

7. The method according to claim 6, wherein said vector
is pPRSV-RDR.

8. The method according to claim 1, wherein said repli-
case is formulated together with a pharmaceutically accept-
able excipient and/or constituent.

9. The method according to claim 1, wherein said alphavi-
ral replicase is present in a composition.

10. The method according to claim 9, wherein said
composition is used for the prevention and/or treatment of
an infectious disease.
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11. The method according to claim 9, wherein said
composition is used for the prevention and/or treatment of a
bacterial disease.

12. The method according to claim 9, wherein said
composition is used to treat a patient with cancer.

13. The method according to claim 9, wherein said
composition is used for the prevention and/or treatment of a
viral disease.

14. The method according to claim 13, wherein the patient
possesses an HIV infection.

15. The method according to claim 9, wherein the com-
position comprises a protein-based vaccine.

16. The method according to claim 9, wherein the com-
position comprises a vaccine which comprises an expression
vector encoding said one or more antigen(s).

17. The method according to claim 16, wherein said
replicase and said one or more antigen(s) are encoded by the
same expression vector.

18. The method according to claim 16 or claim 17,
wherein said expression vector encoding one or more anti-
gen(s) is a DNA vector.

19. The method according to claim 18, wherein said
vector further comprises:

(a) a DNA sequence encoding a nuclear-anchoring protein
operatively linked to a heterologous promoter, said
nuclear-anchoring protein comprising
i) a DNA binding domain which binds to a specific

DNA sequence, and
ii) a functional domain that binds to a nuclear compo-
nent; and

(b) a multimerized DNA binding sequence for the nuclear
anchoring protein wherein said vector lacks an origin of
replication functional in mammalian cells.

20. The method according to claim 19, wherein part 1)

and/or part ii) is obtained from the E2 protein of the Bovine
Papilloma Virus type 1.
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21. The method according to claim 3, wherein said
administering of an alphaviral replicase comprises admin-
istering an expression vector encoding said replicase,
wherein said expression vector does not comprise viral
template RNA containing cis-signals that interact with RNA
dependent RNA polymerase.

22. The method according to claim 4, wherein said
administering of an alphaviral replicase comprises admin-
istering an expression vector encoding said replicase,
wherein said expression vector does not comprise viral
template RNA containing cis-signals that interact with RNA
dependent RNA polymerase.

23. The method according to claim 5, wherein said
administering of an alphaviral replicase comprises admin-
istering said expression vector, wherein said expression
vector does not comprise viral template RNA containing
cis-signals that interact with RNA dependent RNA poly-
merase.

24. The method according to claim 7, wherein said
administering of an alphaviral replicase comprises admin-
istering said pRSV-RDR vector, wherein said pRSV-RDR
vector does not express viral template RNA containing
cis-signals that interact with RNA dependent RNA poly-
merase.

25. The method of claim 1, wherein said administering of
an alphaviral replicase comprises administering a protein
comprising the alphaviral replicase.

26. The method of claim 3, wherein said administering of
an alphaviral replicase comprises administering a protein
comprising the alphaviral replicase.

27. The method of claim 4, wherein said administering of
an alphaviral replicase comprises administering a protein
comprising the alphaviral replicase.
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